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Abstract 



This study is concerned with the existence of economies 
of scale in the production of data processing and other 
computing services, and the possible regulatory and public 
policy implications of such economies. 

The rapid development of the technology of computation 
since the Second World War has raised many questions as to 
the supervision by public authorities of the use and 
progress of this technology. A study was initiated by the 
Federal Communications Commission in 1966 in an effort to 
consider that Commission's role in the production and 
distribution of computing services where the use of 
communications facilities, supplied by regulated carriers, 
forms an integral part of the computing system. The present 
investigation is concerned with the production of computing 
services per se ; the direction that public policy takes will 
be greatly dependent upon the nature of the production of 
computing services, and perhaps secondarily upon the 
interdependence between computer systems and the 
communications suppliers. 

The relative economies of the use of large computing 
systems have been known for some time, in terms of the 
relationship between some measure of the quantity of output 
of a machine and its cost. Indeed, it is demonstrated here 
that, when one considers, in addition to the cost of the 
computer hardware itself, the various categories of 
operating expenses associated with a computer installation, 
the relative advantages of large facilities become even more 
significant. 



*This report reproduces a thesis of the same title 
submitted to the Alfred P. Sloan School of Management, 
Massachusetts Institute of Technology, in partial 
fulfillment of the requirements for the degree of 
Doctor of Philosophy, June 1969. 
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Yet the evidence would seem to indicate that, despite 
these apparent efficiencies of large systems, the 
overwhelming majority of installed computers were generally 
fairly small operations. In an attempt to determine whether 
actual experience of users was that, all things considered, 
there were no true economies of large size, an analysis was 
made of data on nearly 10,000 computers installed at firms 
in manufacturing industries, using the survival technique, 
which uses market experience as a basis for studying levels 
of optimum plant size. The results of this analysis 
suggested that users did operate computers as if there were 
significant economies of scale in their use. 

None of the evidence, in fact, .suggested that even the 
largest size system available today is th© most efficient 
possible size of "plant"; hence, the key implication for the 
formulation of regulatory policy ta&mtd the computer is that 
such policy should encourage, to th# gr#«te»st possible 
extent, the shared use Of large *sy#feeffis by those who require 
computing services. Those barrier¥ n that da exist which tend 
to mitigate such shared use should be reduced or eliminated. 
Public utility status would be indicate4 only if the costs 
associated with shared computer us# ^ dis^«?iA5ution # software 
development, system overhead and administration - are less 
than the potential direct savings resulting from use of 
large systems. This is at least as wktdti a technological 
problem as it is regulatory; the future of the computer 
utility concept will thus be dependent upon the degree to 
which technology can reduce costs in these categories. 
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CHAPTER ONE 
COMPUTERS AND PUBLIC POLICY 

INTRODUCTION 

Much discussion Is presently taking place regarding the 
issue of possible regulation of computer services as a 
"public utility" in a manner similar to that characteristic 
of the electric power, gas, transportation and 
communications industries. This study is concerned with one 
possible basis for such regulation - the existence of 
significant economies of scale In the production of 
computing services. 

A general background of the various issues involved is 
presented in this chapter. Chapter two examines the direct 
operating cost side of the production of computing services, 
and concludes that there are definite economies In the use 
of large size facilities, although various institutional and 
technological factors may prevent end-users from taking full 
advantage of them. 

In an attempt to determine the extent of economies of 
scale in practice, an analysis was made of computer usage 
patterns In manufacturing industries. The results of this 
study, which are reported in Chapter three, do indeed 
suggest the existence of notlcable economies of scale in the 
production of computing services. Indeed, it is concluded 



10 



that the optimum size of computer plant may be greater than 
even the largest machines In use today. Hence, Chapter four 
concludes the study by suggesting that public policy should 
be directed toward reduction of the barriers that tend to 
prevent use of larger more efficient systems by groups of 
individual users. However, it is pointed out that there are 
costs associated with multi-user sharing of a large system 
that may not be present when such a system Is operated by 
and for only one user organization. These costs must be 
less than the advantages associated wi th the large systems 
in order not to merely offset an economy wi th a diseconomy 
in the use of large facilities. 

BACKGROUND OF THE PROBLEM 

In November, 1966 the Federal Gommuni cat ions Commission 
announced that Its Common Carrier Buraau mi under taking an 
extensive inquiry aimed at determining wba,t, if any, 
interdependencles exist between th* computer and 
communications industries* and &o .what, .extent*- tf any, such 
interdependence warrants regulatory action by the Commission 
or some other regulatory body. (1) 

The "Computer inquiry/'" as it is commonly ^:al led, was 
given impetus as a result of several significant 
developments in the technology of information processing in 
recent years. Since the Second World War, when mi 11 tar y 
r eq u i r emen t s r e s u 1 1 ed In t he f l rs X r ea 1 1 y Impor ta n t 
innovations in the development of computing machinery, the 
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extent to which such devices have taken up key positions In 
the economic, social and political life of this country has 
been quite remarkable, especially when one considers that 
all of this happened in less than two decades. 

As the computer's role in the nation's life has assumed 
greater import, so too has the need for sound public policy 
towards the machine, and Its Implementation on a fairly 
general level, become more urgent. Although there is, 
today, a considerable amount of interest In the problem of 
public policy formulation covering the technology of data 
processing, much of it has been stimulated by the 
aforementioned FCC study. As a result, the questions 
currently being considered by those studying the overall 
issues of public policy toward data processing have been 
those raised by the Commission. (2-6) 

The Intrinsic importance of the questions raised by the 
Commission cannot be underrated; however, in a sense they do 
stem from perhaps the wrong direction. The regulatory 
implications of the interdependence between computer systems 
and communications companies forms but one aspect of the 
overall issue of public policy toward the computer. 
(Another issue of at least equal importance Is the matter of 
personal privacy protection from potentially uncontrollable 
computer-based data banks of the Orwell Ian variety.) Others 
include such antitrust matters as company size, market 
share and marketing practices; such technical issues as 
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programming language standardization machine specification 
and design standardization; and of course the issue of 
privacy raised by the possibility of the Federal Government 
installing and maintaining a "National Data Bank" covering 
all individuals and organizations. The communication 
issues, as raised by the FCC, do have some particular 
significance Insofar as one key development in computer 
technology is concerned: the remote access, time-shared 
computer system. Such facilities provide for simultaneous 
usage of large computing systems by a number of individual 
users, often doing a number of individual, and different, 
things, all connected directly to the computer by 
telecommunications facilities usually supplied by a 
communications common carrier. 

The intrinsic importance of the time-shared computer is 
that (a) it has the potential for making available to users 
of modest means a (possibly) large computer system at a cost 
that is based upon the quantity of service actually obtained 
(7); (b) to the extent that there are economies of scale In 
the production of computing services, the shared use of 
computing facilities may bring down the average cost of 
computer usage; Cc) extensive use of such systems can 
replace and to some extent render obsolete some portions of 
the installed communications plant now operated under 
exclusive franchise by communications carriers; and (d) 
because the computer's services may be "piped in" to the end 
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user's location via communications lines, the limit -of 
possible application areas for such systems becomes bound 
only by man's imagination. 

In a sense, none of these attributes of time-shared 
computer systems are new to the computer field. A user of 
modest means could always purchase computing services, from a 
firm specifically established to provide then*/ or from 
another user who did maintain his own iti-hous* computing 
facility. Shared use of large machines might have enabled 
many individual users to obtain the be«ef Its « of, the* -scale 
economies In the operation of maehlnes^of tteis stee. ^ 
Computers have been slowly replacing many conventional forms 
of communication, replacing written notes and spoken words 
with specially designed messages that modify a data base or 
cause some specific action to be taken. Finally, with the 
increased experience In the use of computers, there would 
seem to be virtually no limit, even without remote access, 
time-shared systems, to which this technology could be 
applied. 

Hence the time-sharing development has not really 
created any new problems and raised any new questions - It 
has served to bring several dormant Issues out Into the 
open. Time-sharing mainly 1 ncreases the aval lab 1 1 i tv of 
computing machinery, and as the computer becomes more 
available, as it enters more areas of life, the concerns 
over how It should be controlled and regulated multiply. 
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There are. In fact, two categories of regulatory Issues 
that have been raised. One concerns various operating 
practices of the computer Industry and computer end-users, 
and includes such issues as technical standardization, 
personal privacy, sales practices of computer manufacturers, 
etc. The second set of issues, certainly n&l unrelated to 
the first but nonetheless Identifiable as a distinct problem 
area, is the question of possible public utility status for 
suppliers of computing services, along ?slml I ar 1 1 nes as 
practiced In the natural gas, elect* lecpower* transportation 
and communications industries. T*w study reported here was 
principally concerned wl th the la tt«r group of issues. 

NATURAL MONOPOLY AND THE PUBLIC UTILITY CONCEPT 

John Stuart Mill observed In 18*8 that (a) gas and 
water service in London could be supplied at lower cost If 
the duplication of facilities by competitive firms were 
avoided, and (b) that In such circumstances, competition was 
unstable and inevitably replaced by monopoly (8). Mill thus 
noted that, under certain conditions, the forces of market 
competition would not result In either the lowest possible 
cost or the best service to the community. The conditions 
may be met when the production function for a given Industry 

Is characterized by significant long-run decreasing average 
costs, I.e., economies of scale. Where production of goods 
or services may be accomplished at substantially lower cost 

if done In large quantities, It is Inevitable that larger 
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sized firms will be able to produce and sell their output at 
lower cost, thereby driving out smaller producers. If, 
Instead of operating under a competitive environment, the 
Industries characterized by economies of scale were forced 
to operate under conditions of monopoly, then the potential 
duplication and waste resulting from competi t Ion might be 
avoided. In I ts place, however, would be a monopolist who 
could exact monopoly prices from the community and engage in 
other monopoly practices. Hence> some substitute for the 
forces of competition Is In order. ^Such a 'substitute has 
historically taken the form of some government regulatory 
body charged with the responslbf 1 1 ty of safeguarding the 
public Interest. Generally, such bodies fc**e permitted the 
"natural monopoly" to earn only a " reasonable return" on Its 
Investment, In exchange for an exclusive franchise to serve 
the public with whatever type of service ft provides. 

The existence of substantial economies of scale is not 
a sufficient condition for regulation, however. One 
additional test that must be met Is that of necessity - the 
output of the firms In the Industry must t»e necessary to the 
public good. (An Industry that has a decreasing cost 
production function but does not produce a necessary good or 
service Is, In effect, competing with other Industries that 
produce non-necessary goods or services for the buyers' 
money, and, as a result, the public does not need to be 
protected from possible monopolistic practices.) (8,9) 
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This study has, as Its primary objective/ the 
determination of the extent to which the trad i t tonal concept 
of public utility regulation may fee appl led to the provision 
of computer services. To this *nd> the primary emphasis Is 
placed upon the question of the existence of significant 
economies of scale. 

It would be difficult for anyone to deny the fact that 
computing services are necessary service*; they have 
attained this status over the past two decades by the extent 
to which computers have taken up Important positions in so 
many aspects of social and business life, if computing 
services may be more efficiently supplied by a regulated, 
"natural monopoly" tfcan by free competition as is. -the 
practice today, then public policy must be directed toward 
the creation of a natural monopoly status #trr computer 
services. However, If such economies csm>oZ be 
demonstrated, than public policy must safeguard the freedom 
of competition in the provision of such services by 
preventing any monopoly In part or all of the computer 
industry from being formed. 

THE COMPUTER SERVICE INDUSTRY 

The "Computer Service Industry" is defined, for the 
present study, as consisting of all "plants" that produce 
computing services. Such plants need not be independent 
computer service firms, such as service bureaus or 
datacenters, although these firms certainly form part of the 
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industry as defined here. AH computers, whether operated 
as in-house facilities by the end-uter organization or by 
firms specifically organized to supply such services to 
others, constitute the computer service industry. 

This "Industry" is considered as including all computer 
service-producing plants because in effect any end-user of 
such services has, aval lable to hfm> the option of either 
purchasing the required services from an otft*Tde supplier or 
producing them with an In-house facility. Under this 
definition* at" the end of 1968 there were some 5$,t)00 plants 
producing computing services in the United States. < 10) 
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CHAPTER TWO 
ECONOMICS OF COMPUTER SYSTEM OPERATION 

INTRODUCTION 

It has generally been asserted that there are certain 
economies associated with the use of large size data 
processing systems. The purpose of the present chapter Is 
to examine the relative validity of the various contentions 
made/ and to provide a basis for an examt nation of the 
patterns of computer use In manufacturing Industries/ the 
subject of Chapter three. 

We consider first the previous work In this field * 
Grosch's Law and the research by Knight ori the subject of 
computer performance vs. cost. Next/ the results of an 
analysis of cost patterns of computer installations In the 
Federal Government Is presented, with the Conclusion that/ 
when one Includes In the cost of bpei»atrnJV computing 
center all cost categories/ not just machine rent/ the 
magnitude of the economies of scale become even more 
pronounced. Finally/ this chapter considers several 
possible bases for (short-run) diseconomies that may exist 
In the provision of computing services/ which may minimize 
the impact of the scale economies as reflected in the 
pattern of direct costs. 
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ECONOMIES OF SCALE IN COMPUTER HARDWARE 

In the late 1940's, Herbert Crasch proposed a 
relationship between hardware cosvandqaanilly of 
computation that could be provided by the hardware. This 
relationship, which has since become known as Grosch's Law, 
states that 

Computing Power ■ C * ( System cost ) .-.**-■ . 
where C is a constant determined by the ; 1 eve } of 
technological development. 

Thus, according to Grosch's Law* U would be, possible to 
obtain a*computer with four times the "p^wer" at .only aboHt 

twice the cost. * * 

Kenneth E. Knight sought to cons idjer^hf implications 

of this relationship In light of changes In, techno Jogy. 
(1,2) Certainly, It was true that newer computer models 
were often more costly, and substantially n^re powerful, 
than their predecessors. Knights flings were that indeed 
Grosch ' s Law was s till va 1 1 d, even under cond 1 1 1 ons of 
changing technology. By holding technology constant by 
considering all models Introduced In any one year 
seperately, Knight determined that the exponent was more 
like 2.5 for scientific applications and 3.1 for commercial 
applications. (2# P. 35). 

It Is not clear, of course, whether or not thf prices 
of computers reflect costs of development and production, or 
whether or not the computer manufacturers consciously 
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establish prices for their products In accordance with some 
relationship of this type. However/ to the extent that 
there are now a fairly large number of hardware system 
suppliers, one might be willing to discount any overt 
pricing decision based upon performance rather than cost. 
(Although It Is certainly valid that, within a single 
manufacturer's product line price is based upon relative 
performance, to at least some extent.) 

Besides the direct, somewhat measurable economies 
proposed by Knight, there may be certain other economies 
associated with relatively large systems that are not 
generally available In the smaller models. This is a result 
of the development of the techniques of multiprogramming and 
multiprocessing. Any given program being executed on a 
computer will, at various times, require use of different 
components associated with the computer system. 
Traditionally, when one component was in use by the program, 
the others would remain Idle. (The computer had a 
"one-track" mind, concerning itself with but one thing at a 
time.) However, It is now possible for several programs to 
be run on a machine simultaneously, either via a batch 
processing or remote access time-sharing operation. Under 
such a procedure, when any one program is using one 
component and leaving the others idle, these might be made 
available to other programs, thereby increasing overall 
system throughput. Of course, there are costs associated 
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with this procedure/ and these must be weighed against the 
benefits, tn general, the large* the machine, the greater 
the opportunity for savings. under a ma Itl programming 
environment. 

ECONOMIES OF SYSTEM OPERATION 

Hardware costs represent, however, only one part of 
total costs Incurred In the course of running a computer 
Installation. Other cost categories Include peripheral 
devices, keypunching and other data collection activities, 
programming support personnel, system management personnel, 
physical site facilities, air conditioning, maintenance, 
magnetic tapes and disk packs, and expendable supplies such 
as punched cards, continuous forms, and the like. In 
general, these costs will rise as hardware cost rises, since 

.:...-■ -■■■ -j ..: ■". '-,■/ -,'■; ■ .■■.■■.■'■-' ..- t <■- -.'■-■< -} J -;,, : K;f -*■■■■ .?■ ? ~. ■ ■* * ■-,. .-.-■■. 

a larger operation Is needed to support a larger size 
machine. To determine the exact nature of the relationship 
between computer system rental and total operating costs, we 
analyzed cost data on 1,039 computer Installations in 
service within the Federal Government, In both civilian and 
military establishments. Interestingly (and somewhat 
surprisingly) it was discovered that, at least within the 
Federal Government, the rate of increase in overall 
operating expenses ts slower than the rate of Increase in 
hardware system rent. This would suggest that, despite the 
increased staff and operating facilities required to support 
a large system, and despite the exponentially increasing 
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capabilities of larger systems, the average total cost per 
unit of computation decreases even faster when all expenses 
are considered than when only hardware rent is considered. 

The analysis revealed the following relationship 
between rent (R) and total operating expenses (X): 

In (X) » 1.9016 ♦ .7657 In (R) (2) 

Table 1 1-1 presents a summary of average rent and 
operating expenses for Federal Government installations 
divided Into eight size classes. Some of these 
i nstallations may contain several different computer 
systems. The curve that was fitted to these data is 
plotted, along with the actual data points, in Chart 1 1-1. 

The same analysis was made for Federal Government 
installations with two or fewer computer systems, in an 
attempt to Isolate the operating costs of running a single 
installation. (In installations with two systems, one Is 
most often operated as a satellite of the other, usually 
larger, system.) Here the rate of decline of total 
operating expenses versus har#dware system rent was even 
faster than in the previous case, suggesting again that the 
number of systems may be of Just as much significance as the 
size of the system in determining the amount of operating 
expenses required. These results are presented In Table 
1 1 —2 and Chart 1 1 -2. (Details of both regression analyses 
are presented in Table 11-3.) 
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The direct applicability of the data on computer 
installations In the Federal Government to commercial, 
non-government operation may be subject to some question. 
Indeed, there are several differences in Federal Government 
accounting practices vis-a-vis commercial practices that may 
alter the magnitudes of the costs reported! These are 
considered in somewhat more detail in the Appendix. 
However, it is quite unlikely that any-dffferences are other 
than in the magnitudes of the figure* Involved, and the 
basic trend that was uncovered from this data is probably 
quite valid generally* 

KNOWN DISECONOMIES IN COMPUTER OPERATION 

The cost figures presented by Knight and by the author 
are deficient in that they generally refer to directly 
applicable cost categories that are charged directly to 
computing center ooeration, and within that to routine 
operation. In fact, this Is not sufficient because the 
computer directly affects many other categories of costs 
within an organization. 

Certainly, some of these other cost categories ought to 
have very little to do with the relative size of the 
computing system, but may be affected by the results, or 
output, of the computer's operation. However, certain other 
costs are more directly affected, and these are considered 
here. 
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Control over Computer O^t-xtl**^ . «» f end-users of 
computer systems consider It essential that they be able to 
control the activities of the computer Installation; hence 
they demand that the computer they use be an in -house 
facility. There may be several reasons for- this feeling, 
some of which may have greater validity than others, first, 
to the extent that the computer Is still a novelty in many 
facets of Industrial activity* there 1* en important, element 
of prestige associated with having oa^i own. system, wi thou t 
having to deal With some outside supplier. Then there is 
the concern over security of the data ft las maintained by 
the machine; and the belief that ««^|; security hce««l# not be. 
guaranteed were the organization to contract with- seme other 
source for computing services. There^s aleothe desire to 
have the computer available on a^ priority basis when needed, 
something which a service bureau ml ght not be able to 
guarantee. In any event, whatever the^ validity of these 
reasons; many end*Qsers have been of the? vletr that* since 
the cost of the computer was such a small part of total 
company expenses, and, since the cost of tf*e machine- was 
possibly justified on the basis of perhaps *>n*y one 
application, there was no reason to be concerned about 
saving some money and sharing a larger machine w I th other 
f I rms, some of whom ml jght even be competl tors. 

Uniqueness of Application^ and C04tet«.a^P»v < ri rt nm^, t- 
General use of large size, more efficient machines is 
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mitigated by the existence ef certain technological and 
Institutional factors In the computer service industry. 
First/ virtually every computer appl I cat ion in existence, 
and there are perhaps over 100*000 distinct applications in 
operation, is unique to at least some degree. Even the most 
common, pedestrian applications, such es payroll accounting, 
accounts receivable billing and accounts payable processing, 
are usually designed especial ly for the end-user firm. 
Moreover, once a user has committed resources to the 
development of an application program package for one 
machine type, he often must amortize this Investment over a 
certain time period, irrespective of other economies of 
routine operation that he might r**Uze± >y a switch to some 
other model; Such a process Is often costly and Is not done 
without considerable justification In most instances. 

Two opposing forces have bee#hd*ve loping that might 
perhaps modify this situation in time. One Is the fact that 
newly developed appl I cations are often far more complex, and 
hence far more expensive to implement, than previously 
existing uses. However, at the same time, new developments 
in software may make the development of new applications, 
and the conversion of old ones to different machines, a less 
arduous task. A new software Industry is only now beginning 
to pass along economies of software development to its 
clients by, in effect, sharing development costs of a 
package among several of them* The software firm writes the 
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basic programs in a fairly ma chine -Independent forma t, and 
then implements the program individually on each client's 
system. In the pasty end-users usually wrote their own 
applications programs from scratch / since there was no easy 
means of modifying a preexisting program without-, in many 
cases, pirating the programmers from the organization where 
i t was wrl tten. 

$tand,ardJzatlQn» There is relatively little of 
significance In the way of standardization within the 
computer manufacturing Industry. Programs written on one 
machine will usually not run on a machine of some other 
type; indeed the program may not even run on another machine 
of the same type! On the software side, programming 
languages have achieved some degree of standard! nation, but 
the standard is rarely Implemented on a widespread basts. A 
case In point is the ASA Standard FORTRAN tV language 
specifications, which seek to provide a uniform language for 
all FORTRAN programs. This standard has, In practice, been 
used as a minimum, rather than an optimum, by the 
manufacturers and users. Many have developed their own 
versions of FORTRAN IV that Include add* tlonai capabilities. 
The effect of this is that a program written in the expanded 
version cannot be run on another system that does not use 
the iamft expanded version; the adoption of a standard here 
has been virtual ly worthless. v 
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ft does not follow, however, that this Is necessarily 
undesirable. Adoption of a firm standard by the computer 
field would necessarily act as an impedime**t to innovation 
and development. In the FORTRAN example just cited, many of 
the "added" features are quite useful and Important; they 
might not have been introduced at all If the standard was 
firmly adhered to. The value of setting standards must be 
weighed against the value of innovative freedom, in an 
industry so characterized by Innovation* adoption of firm 
standards would seem t© be premature at this time. Hence, 
the diseconomies associated with the necessity for a user to 
adhere to his present machine as long as possible will still 
be present for some time to eome. 

ni^nnnn.1^ «f Sharing. It was suggested ear 1 ier that 
there were advantages* as well as costs, associated with the 
technique of multiprogramming a large computer. These 
"costs of sharing" arise in both technical and operational 
ways, some of which may newer actually show up on any user's 
books. Technically, additional hardware is required to 
support a multiprogramming environment. The cost of such 
hardware may often exceed the cost of the basic processing 
capability. In another study (M It was learned, for 
example, that the "sharing overhead" components in one major 
time-sharing system then under development would be about 
65* of total hardware cost, not to mention such additional 
cost factors as communications facilities, and the cost of 
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writing the software for the system, perhaps as high as $6 
mf 11 Ion. 

From the operational standpoint, the user of a remotely 
located computing facility must Incur certain costs in order 
to gain access to the machi ne. If I t ! s a time-shared, 
remote access system, he must contract for communications 
services from a common carrier, and lease a remote access 
terminal device, if the service involved Is a batch 
processing system, the user must arrange for pickup and 
delivery of his jobs, and must bear the cost of any 
Inconvenience that may result from some delay In transit. 

CONCLUSION 

From the foregoing, we conclude that although there are 
certain obvious and significant economies In the operation 
of a computing facility that would tend to make large 
systems far more efftcient than small ones. We have also 
observed that there are certain factors that may negate any 
such efficiencies. 

Thus we must ascertain the extent of actual economies 
of scale in practice. To accomplish this, an analysis was 
made of acquisition practices of firms In the manufacturing 
industries to determine whether they were acting as if the 
economies did outweigh the diseconomies, or vice versa. 
Although few of the installations studied operate in a 
time-sharing type of environment, the analysis does present 
a basis for assessing the nature of demand for computing 
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services In manufacturing Industries, based upon the 
presently existing structure of costs for such services. If 
economies of scale exist under the present technology, then 
the more widespread use of shared facilities will serve to 
increase the efficiency with which this equipment is used. 
The results of this analysis are the subject of the next 
chapter. 
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TABLE 11-3 
RESULTS OF REGRESSION ANALYSES 



1. LOG(SYSTOT) = A0+A1*LOG(SYSRNT) $, 

NOB » 8 NOVAR -2 

RANGE 118 1 
REGRU 

RSQ - 0.9975 SER - 0.0718 SSR - 0.0309 
F(l/6) - 2U37.8990 DW(0) ■ 3.07W 

COEF VALUE ST FR T-STAT 

Al 0.7657 0.0155 l»9.3751 

AO 1.9016 0.0521 36.1*693 

a. All Federal Government Installations 



1. LOrt(SYSTOT) » A0+A1*LOG(SYSRNT> $, 



NOB « 8 

RANGE 

RFGRI* 


1 1 


NOVAR « 2 
8 1 




RSQ = 
FC1/6) - 


0.992U 
78U.3572 


SER - 0. 
DW(0) - 


,111.3 SSR - 
1.9961 


COEF 




VALUE 


ST ER T-STA 


Al 
AO 




0.7050 
1.93UI* 


0.0252 28.0061* 
0.0837 23.1157 



0.0781* 



b. installations with 2 or Fewer Computers 



3 ft 



< 



35 



CM 
I 



< 



CHAPTER THREE 
OPTIMUM PLANT SIZE IN THE COMPUTER SERVICE INDUSTRY 

THE SURVIVAL PRINCIPLE 

The last chapter considered the determination of 
relative economies of scale In the provision of computing 
services by an analysis of relevant cost areas and by 
consideration of known short-run diseconomies which might 
act as detriments to obtaining the fullest cost advantages 
of the use of large scale computer systems. The present 
chapter considers the question of economies of scale by 
attempting to determine the optimum plant size In the 
computer service industry. A plant is defined as a single 
computer system, although several-such systems might be In 
operation within a single Installation. 

In considering the question of optimum plant size, 
Stigler (1) noted that: 

An efficient size of firm ... Is one that meets a«y 
and all problems the entrepreneur actually faces: 
strained labor relations, rapid Innovation, government 
regulation, unstable foreign markets, and what not. 
This Is, of course, the decisive meaning of efficiency 
from the viewpoint of the enterprise. . . . 

The survivor technique proceeds to solve the problem of 
determining the optimum plant Size as follows: 
Classify the firms in an Industry by size, and 
calculate the share of Industry output coming from each 
class over time. If the share of a riven class falls, 
It Is relatively Inefficient, arid In general is more 
inefficient the more rapidly the share falls. (1, P. 
56.) 
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Under this view, It should be possible to determine the 

relative efficiency of plants of various sizes merely by 

studying the existence and survival patterns of plants of 

various sizes In an industry. In the tong run* only the 

most efficient firms, which presumably are those of 

relatively optimum size (assuming a continuous production 

function) would survive tn a competitive market. Indeed, 

Stlgler observes that 

Not only Is the survivor technique more direct and 
simpler than the alternative techniques for the 
determination of the optimum size of firm,, it Is also 
more authoritative. Suppose that the cost, rate of 
return, and technological studies all frndt that ^within 
a given industry the optimum size of firm is one which 
produces 500 to 600 units per day/ and that costs per 
unit are much higher If one goes outside this range. 
Suppose also that j*ost of the firms in the Industry are 
three times as large, and that those firms which are In 
the 500 to 600 unit class are rapidly falling or 
growing to a larger size. Would we believe that the 
optimum size was 500 to 600 units? Clearly not: an 
optimum size that cannot survive In rivalry with other 
sizes Is a contradiction . . *Cl # p.i J56). 

In another study, Simon and Bonlnl (2) used this 

principle to disclose the fact that In general. Industry 

cost curves were "J" shaped, that Is, above a certain 

minimum size of firm, expansion would take place along a 

constant cost portion of the long-run average cost curve and 

that, for most relevant size magnitudes* the theoretical 

upturn In what is considered to be a W U" shaped curve wl 11 

not occur. The Slmon-Bonln I model was based upon the 

observation that over time there was no greater 

p roporttonate ehanw In size among firms at various pot nts 
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In the spectrum of firm sizes. If an Industry were 
experiencing economies of scale (l .e., expansion was taking 
place along the decreasing cost portion of the Industry cost 
curve) then firms of relatively large size would have an 
increased probabi I i ty of survival than their smaller 
competitors. Hence, under such cost conditions/ we would 
expect, over time, to observe a greater proportionate change 
in size of large firms than of small firms, 

T. R. Saving, in yet another application of the 
survival technique (3) suggested that there was some value 
In considering only the size distribution of plants at some 
single instant in time, thus, In effect, making the (perhaps 
heroic) assumption that the existing disteM>utionoof plants 
is optimum (3, p. 578). Certainly, this implies that any 
movements or trends toward optimum plant size in an industry 
are reflected in the existing structure of that industry; 
that a "snapshot" Is sufficient to Indicate some direction 
of movement. The survival technique is used, in the Present 
study, in this manner, since the rapid rate of technological 
change in the computer field would render comparisons of 
plant sizes In different periods of little value. 

Saving also concluded that "the greater the size of the 
market, the larger will be the optimum size (of plantX 
because 1 1 I s the si ze of the market wh*ch allows a pFant to 
be large enough to take advantage of all the economies of 
production which are available." Ha further notes that "by 
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size of market we refer to the size of the market In which 
the plant competes, and not the Industry, since It Is the 
market for the Individual plant's output which determines 
the extent to which that plant may take advantage of 
existing economies of scale." <3, p. S8s?)» Weiss (5* p» 
253), came to a slmi lar conclusion by demonstrating that for 
any given i ndus try the percentage of total capacity within 
any market (region) that was In plants of at least minimum 
efficient size increased with the size of the market. 
(I.e., the larger the market, the more the potential 
economies of scale were realized.) 

In the computer service industry, as we have defined 
it, the "market" that Is served by an Individual "plant" 
(I.e., computer) Is most often restricted to the firm which 
uses the computer's services as an input to its production 
process. Hence, by segmenting the computer service industry 
into its individual markets, we may examine the relative 
economies of scale in the industry as a whole by determining 
the nature of the effect upon optimum computer size of the 
specific market in which it operates. 

This was accomplished by classifying the individual 
plants in the computer service industry Into groups 
according to the specific (manufacturing) tndustry that each 
machine serves. This, of course, assumes that all firms in 
a manufacturing industry possess essentially identical 
production functions. Further, If we assume, as Bain (i») 
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and Simon and Bonlnl (2, oju. £iU) have su««ested, that 
industry cost curves are usual I y U-shaped such that in 
general constant costs exist above* some mini mora critical 
point/ then by assumption the .quantity of computing service 
demanded by a firm in any one industry should vary in direct 
proportion to its size, along a linear homogeneous 
production function for the (manufacturing) firm. 

THE SURVIVAL PRINCIPLE APPLIED TO COMPUTER SERVICES 

The operating cost data considered In Chapter two might 
lead one to expect that no computer save for the very 
largest Is efficient, and that the prudent user will always 
obtain the largest system he can. However, this does not 
seem to be true in practice. In an attempt to determine 
what does occur In practice, the survival technique was 
applied to data on nearly 10,000 computer systems in 
manufacturing industries. Stlgler suggests that survival 
over time Is the key variable to be observed. However, as 
already observed, with the rapid rate of technological 
change in the computer Industry, time series would not 
indicate any meaningful pattern, since the production 
functions In different years might not be strictly 
comparable (or even remotely similar!). As an alternative 
to studying survival patterns over time, usage patterns 
across a number of industries, each of which has Its own 
characteristic structure, were analyzed. 
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If there were no actual economies of scale in the 
production of computer services, then we might expect the 
size pattern of systems serving firms within a particular 
industry to reflect the structure of that industry. 
Further, proportionate changes In Industry characteristics 
should result in a change of 1 ike proportion in the typical 
size of a computer installed within a firm In the industry. 
If economies of scale do exist, then the relationship 
between Industry structure and computer size pattern would 
be less definite. Also, changes In Industry structure 
should result In less than proportional changes in computer 
size, Indicati ng that because smaller installations are less 
efficient to operate, relatively large systems are required 
to serve Industries character ! zed by small firms. 

Assuming linear homogeneous production functions for 
firms in manufacturi ng Industries^ then 

d » CJ s; 
where d is the quantity of computing service demanded by a 
firm of size s- in industry I, and is a constant. The 
Bain and Simon-BoninI findings lend credibility to this 
function for outputs as related to direct inputs. Outputs 
here are given by firm size s v , since we measure size in 
values of product shipments; but the Input here, d , Is very 
indirect; computer service Is part of administrative, 
research, and process control functions, none of which 
approach '•labor 11 as a direct input. But all three of these 
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indirect services are used to explain the existence of 
firms; that is, analysts of organizations place 
responsibility for limits on organization (or firm) size on 
the decreasing returns to scale of services In these three 
categories. We assume only constant returns, as a cautious 
first step in our analysis; decreasing returns would add to 
the strength of the findings below. 

Thus, If p« is the average size of a computing plant 
In industry i, then 

.. . v 

d = Cf\p{ 
where «K is a constant and tf-'l.'O If no economies of 
scale exist and Y > 1.0 if they do. that is, if economies 
of scale exist, then a less than proportionate change In 
average size of computing plant will t>e required for any 
change in quantity of computing services demanded, d. This 
relationship may be rewritten as 

i & J? A I 

p,- - ^ d - As; for 6 - ^ 
where $ < 1.0 under conditions of economies of scale. 

Thus, if firm' size is increased by some factor k, 
then kp < kd. We would expect a proportionate change 
in power as a result of a change In firm size only if no 
economies of scale are present. However, where such 
economies do exist, then the smaller firms are already using 
larger machines than they might be doing under conditions of 
constant costs, such that the magnitude of the Increase in 
computer size is not as great as that In firm size. 
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MEASURES OF PLANT SIZE IN THE COMPUTER SERVICE INDUSTRY 

In order to test this hypothesis, I t was necessary to 
find a set of variables that would characterize the 
structure of the user Industry and another group to 
characterize the structure of installed computer systems 
within the user industry. 

Six variables were selected to describe the user 
industry: Industry size, industry growth, industry 
concentration In the four largest firms, number of 
establishments in the four largest (and most Important) 
firms, labor i ntensi veness, and capital in tens! veness. (The 
appendix describes each of these more fully and presents, in 
Table A-l, a summary of these variables for the 119 
industries studied.) 

The variables used to characterize the structure of 
computer sizes were average rent, average total expenses, 
and average power. These are summarized, for each industry, 
in Table A- 2. 

Average ren, t. Average rent was computed by using, as 
mean rental values in each of eight size classes of computer 
systems, the values obtained from an analysis of the cost 
pa t terns i n the Federa 1 Government I ns ta 1 1 vti ons (see Tab 1 es 
A-2, A-3, A-k). Although a more valid method might have 
been to determine the actual rent for each computer 
installed, the data were not sufficient to develop such 
price determinations. However, considering the number of 
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systems studied, arty variations can be ixpe^Md to be 
averaged out over all systems* Hence, the use of the 
experience within the Federal ©overnment: is probably a 
fairly good estimator of actual average cost s; 

Average tot-«i #»mmh. Once again, the data on 
computer systems In the manufacturings I ndisstries was not 
sufficient to permit any determination of operating 
expenses. However, the results o-fi thesanalysis^of the 
Federal Government experience were used and are tec I levee to 
reasonably estimate nen^goverwnent experience. It should be 
noted, however, that certain expense categories are hot - 
I ncluded in the Federal Government** 4t>r«ct r^ctfmputer system 
operating costs that are usually .fhgu n*s by nongovernment 
users. However, It is believed that theses* probably a 
fixed percentage of non-rent expenses; and will not 
mater I ally affect the resul ts obtained In ?.fch* present 

application. 

Avorate Power . A measure of the productive capacity of 
compu ter sys terns is prov ided by Kn ight • # I nd ic ies of 
computi ng power, d I scussed earl tmr tend sin tne Appendix) . 

Al though rent and operating expense* wou 14 seem to be 
measures of system cost, they are **\so ftneaert'es of system 
size, just as nwnber of -employees* sales, Itl lowatt hours 
used per month, -etc. ^r* ati measi*ee« a^spfeant «r foirm 
si ze. Use of th» power ^arfcabie, cfeowever g proyWes the best 
measure for change In ;>prod*ct ive c*p*c I ty^wHicn we assert 
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should be proportional to a change in any structural 
characteristics of the user Industry If computing costs are 
constant. However, the change In one of the cost variables 
will provide a more direct measure of the change in relative 
expenditure on the typical system. If this change is 
approximately In the same proportion as a change in industry 
structure, then clearly there are no economies of scale. 
However, to the extent that thts change is less than the 
like change in the Industry structure, then there would seem 
to be certain efficiencies of large scale systems that are 
Indeed being enjoyed by f trras of larger -'slae* 5 

CONSTRUCTION OF THE MODEL 

Linear regression analysis was used to test for 
relationships between any of the six industry variables and 
the three computer size variables just deer J bed. In the 
case of industry growth, labor intensJvejre&sv and capital 
Intenslveness, there was no significant relationship between 
any of these and any of the three computer size descriptors. 
Hence, these three variables were discarded from further 
analysis. The most significant relationship was found in a 
mode 1 whose I ndependent var I ables cons I s tecfc of the na tura 1 
logarithms of industry size, concentration ratio, and number 
of establishments In the four largest firms. The three 
multiple regression equations were, then 
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In R ^a^ * a / tn q ♦ a^ln T ♦ a^ln E^ (1) 

In X « b # ♦ b, In Q + b 4 1n T ♦ b,1n E (2) 

Tn P ■ q 6 ■■* c In Q ♦ c^lwT* C|*h E (5) 

where ■•-•■- ^ 

R «* average computer rent 

X » average total computer operating expenses 
P -average computing power 
Q « industry size s ' ' *■- 

T » ratio of size of ifour largest f l s r*ns it© 

industry size 
E - number of establishment In four largest firms. 
a; , bj , c: are regression coefficients. 

In effect, the three Independent variables, in a 
non-logarithmisc fown> f orm a measure pf average plant size 
in the; four iarjgest, and most -Import ant* f^rms in the 

Average establishment size » %■» (•»■) 

The results of these regressions are given in Table II 1-1. 
A plot of the logarithm of *verage^ p8aNr mitre against each 
of the three computer size variables -iSi provided In Charts 
II 1-1, 2, and 3. 
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DISCUSSION OF THE MODEL 

The three equations used are transformations of the 
hypothesized relattonshl p, which Is non-linear. Hence, each 
of these equations could be written 

P - _ C <> ^ C ' -r- C l. r- C * 

F-cQT^E 5 (5) 

Since, from Table I I 1-1, 0, ^ - <? 3 , we may rewrite 
equation (5) as 

n .r\ v l->a t 

'X. 



where C, ^ /3p ^ - Q 5 

If there were no economies of scale, then both/3p and C^ 
would be approximately equal to one, such that any change in 
average plant size in the user industry would result in a 
proportionate change in average computer size. However, the 
results of the regression analysis, as shown In Table I I 1-1, 
indicate that in fact /#p Is approximately O.U, and c z 
slightly less than 0.7, Indicating that there apparently 
are economies of scale in computing services, and that these 
economies are most pronounced when average establishment 
size is changed. 

Turning next to the other two cost-related measures of 
computer size, we find that, for average system rent, /3 R = 
approximately 0.15, and a^ is approximately .26; in the case 
of average total expenses, /3 X is about 0.095, and b z , 
about 0.17. Once again, economies of scale are Indicated, 
especially with respect to average establishment size. 



afa^f^ g^gga&ii-^S'Sff.t- ^^fiCrKXS^iV , 
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However, the cost-related measures would seem to suggest 
h I gh 1 y- s I givl f I cant ecgnom I es : I f average es tab 1 1 shmen t size 
Is doubled, the average cost of a computer Increases by 
2**0.095 times, or by only about 10 1. Average rent would 
increase by about lk%. 

EXAMINATION OF THE RESIDUALS 

Table 111-2 presents a summary of the actual and 
estimated values of average rent for the 119 Industries 
studied. In an attempt to explain at least some of the 
variation from the model, the subject Industries were 
classified into three groups/ depending up^n the nature of 
the applications to which computers had been used In that 
Industry. Table 1 11-3 summarizes this analysis. In 
general, the model seemed to overestimate the average rent 
in industries with significant analysis types of 
applications. These Include such activities as engineering 
design, simulation, job-shop scheduling, mathematical 
programming, statistical studies, and what not. In the case 
of Industries with process control applications, such as 
machine operation monitoring, computer typesetting, etc., 
the model seemed to underpredlct the average size of the 
computer systems Installed. The third class included all 
systems where business appl lea tions were predominant, and 
relatively little analysis or control activities were taking 
place. The original model seemed to be fairly accurate for 
this type of industry. Using this same grouping, the 



strfSs^^: -..-* .■ -n%^*s-,: 
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original model was re-run In an effort to determine whether 
there were any differences In the coefficients/ and hence 
elastic? ties / when the installations wl tb non-business 
applications were treated seperately. The purpose here was 
to isolate those groups of users whos* industry production 
function requires that they make a different tvoc of use of 
computing devices than most industrial users* A 
determination of differences In the regression line based 
upon application area would suggest that the degree to which 
economies of scale are present In any instance is, to at 
least some extent, determined by the nature of the service 
being obtained from the equipment. Table 111*3 presents the 
results of this analysis and indicated that, although there 
were some sma i 1 changes, the original conclusions are in no 
way invalidated, 

CONCLUSION 

The empirical data suggest that users of computing 
equipment are behaving as If there were significant 
economtes of scale in the use of such devices. There seems 
to be a general tendency for users to acquire larger systems 
than their firm or plant size would indicate Is required. A 
doubling of average establishment size results in only about 
a 35$ increase in the average power of computer 
Installations In the industry, far less of an Increase In 
the two cost measures - machine rent and total operating 
expenses. 
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Further/ only about kQ% of the variation In computer 
system size could be explained by variations In industry 
structure. Even when some cognizance was taken of the 
specific application areas to which computer were used In 
the subject industries/ the relative proportion of the 
variation that could be explained by the industry structure 
was not materially altered. 

From this/ one may only conclude that the decision as 
to which size machine to use Is based upon factors other 
than the straight quantity requirement for service. 
Companies do tend to obtain systems that exceed their 
requirements/ because they are substantially cheaper to run, 
on an average unit of processing basis. What is done with 
the excess capacity is not clear from this data; there is a 
developing market in excess computer capacity (within the 
last two years several new firms have been organized to 
provide brokerage services In this market). 

If there are apparently economies of scale In the 
provision of computing services, one must then Inquire as to 
what changes might be made to the economic environment of 
the computer service industry to promote greater efficiency 
of computer usage. This question is considered In the next/ 
and concluding/ chapter of this study. 
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TABLE I I 1-1 
RESULTS OF REGRESSION ANALYSES 



ALL 119 INDUSTRIES 
1. LOG(AVGRNT) = A0 + A1*LOH( f NDS I Z ) + A2* LOG( CONCFN ) +A3* LOG ( ESTAR) $, 



NOB = 119 




NOVAR > 


» 4 


RAN3E 1 


1 


119 


1 


REGR4 









RSQ = 0.3555 SER * 0.2670 SSR » 8.1988 

F(3/115) = 22.1815 DW(0) » 2.1211 

CO^F VALUE ST ER T-STAT 

Al 0.1585 0.0398 3.9789 

AO 2.9057 0.3050 9.5253 

A2 0.2611 0.0396 6.6026 

A3 -0.1408 0.0330 -4.2631 

2. LOG(AVGEXP) = B0+B1*LOG( I NDS I Z )+R 2*LOG ( CONCEN ) + R3* LOG( ESTAB ) $, 

NOB = 119 NOVAR = 4 

RANGE 1 1 119 1 
REGR4 

RSQ = 0.3654 SER = 0.1751 SSR - 3.5278 

FC3/115) = 22.1712 DW(0) - 2.0545 

COEF V/\LUE ST ER T-STAT 

Bl 0.0988 0.0261 3.7816 

BO 4.7507 0.2001 23.7416 

R2 0.1740 0.0259 6.7088 

33 -0.0912 0.0217 -4.2099 

3. LOn(AVGPOW) = C0+C1*LOG( I NDS I Z)+C2* LOG( CONCEN ) +C3* LOG( ESTAB) $, 

NOB = 119 NOVAR = 4 

RANGE 1 1 119 1 
REGR4 

RSQ = 0.3440 SER = 0.7602 SSR - 66.4561 

F( 3/115) = 20.1027 DW(0) - 2.1500 

COE^ VALUE ST ER T-STAT 

CI 0.4702 0.1134 4.1460 

CO 5.2613 0.8685 6.0580 

C2 0.6764 0.1126 6.0069 

C3 -0 4036 0.0940 -4.2927 
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TABLE HI -3a 
RESULTS OF REGRESSION ANALYSES 

93 INDUSTRIES WITH MAINLY BUSINESS 
DATA PROCESSING APPLICATIONS 



1. LOG(AVGRNT) » 
1 1 



NOB • 93 

RANG* 

RECRI, 



A0-rAl*LOG(INDS»Z)+A2*!_OG(PONCEN)+A3*LOG<ESTAB) $, 



NOVAR 
93 



RSO » 
F(3/89) 

COrF 

Al 
AO 
A2 
A3 



0.U305 

22.1,293 



SER - 0.2279 SSR 
DWCO) * 2.1672 



l».6236 



VALUc 

0.1682 

2.5770 

0.263*» 

-0.0652 



ST FR 

0.0 $a* 

0.3069 
0.0381 
0.0335 



T-STAT 

U.3830 

8.3963 

6.9135 

-1.9«ia8 



2. LOG(AVGFXo) » B0+B1*LOG( FNDSIZ)*B2*LOG(CONCEN)*B3*l OG(ESTAB) $, 



NOB • 93 

RANGE 

REGRU 


1 1 


NOVAR - k 
93 1 








RSO - O.fcOOl 
F(3/89) * 19.7826 


SER - 0.158*1 SSR - 
DWCO) • 2.1305 


COEF 




VALU* 


ST ER 




T-STA 


Bl 
BO 
B2 
B3 




0.1068 

k.Skkk 

0.1736 

-0,0i»61 


0.0267 
0.2133 
0.0265 
0.0233 




<r.0036 

21.3026 

6.5566 

-1.9801 



2.2336 



3. LOrs(AVGPOW) 

NOB - 93 
RANGE 1 

REGRfr 



C0+C1*LOG(INDSIZ)+C2*LOG(CONCEN>+C3*LOG(ESTAR) $, 

NOVAR » k 
93 1 



RSQ - 
F(3/89) 

COFF 

CI 
CO 
C2 
C3 



0.3765 SER - 0.6978 SSR - H3.3331 

17.9U1 DW(0) - 2.1855 



VALUE 



ST ER 



T-STAT 



0.t»715 


0,1175 


l».0l3* 


U.7656 


0.9396 


5.0719 


0.7033 


0.1166 


6.0302 


-0.2728 


0.102i» 


-2.6628 
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TABLE lll-3b 
RESULTS Of REGRESSION ANALYSES 

13 INDUSTRIES W I TH MORE THAN 
25% ANALYSIS APPLICATIONS 

1. LOH(AVGRNT) - A0+A1*LOG( INDSf Z)+A2*LOG( CONCEN)+A3*LOG< ESTAB) $, 

NOP * 13 NOV*R * »* 

RA»iGF 1 1 13 1 

REnRU 

RSQ = 0.1*513 SEP - 0.455«* SSR ■ 1.866U 

F C :i / 9 ) - * 2.**680 DW(0) = 1.6657 

COEF VALUE ST ER T-STAT 

Al 0.2566 0.2080 1.2339 

A0 2.9351 1.21*33 2.3607 

A2 0.237U 0.21*01 0.9888 

A3 -0.3650 0.1618 -2.2559 

2. LOG(AVG*XP) ' B0+Bl*LOG(INDSIZ) + B2*I.OG(CONCEN) + B3*LOG(cSTAB) $, 

NOB » 13 NOVAR - k 

RANGE 1 1 13 1 

REGRt* 

RSQ = 0.5029 SER * 0.2662 SSR ■ 0.6378 

F(3/9) - 3.0353 DW(0) = 1.6718 

CO^F VALUE ST ER T-STAT 

Bl 0.1501* 0.1216 1.2369 

30 I*. 6786 0.7268 6.U369 

B2 0.1926 O.UOI* 1.3725 

B3 -0.2201 0.091*6 -2.3268 

3. LO«(AVGPOW) * CO+Cl*LOG(INDSIZ)+C2*LOG(CONCEN)+C3*LOn(FSTAB) $, 

NOB - 13 NOVAR - l» 

RANGE 1 1 13 1 

REGRi* 

RSQ = 0.5009 ScR - 1.0615 SSR * 10.11*05 

FC3/9) = 3.0113 DW(0) « 1.U121 

COEF VALUE ST PR T-STAT 

CI 0.8665 0.1*81*8 1.7876 

CO 5.1936 2.8981 1.7920 

C2 0.361*5 0.5596 0.6513 

C3 -1.0278 0.3771 -2.725U 
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TABLE I ! l-3c 
RESULTS OF REGRESSION ANALYSES 

13 INDUSTRIES WITH MORE THAN 25% 
PROCESS CONTROL APPLICATIONS 

1. LOG(AVGRNT) = A0+Al*LOc( | NDS I Z )+A2*LOG( CONC^N) +A3M OG( ESTAB ) $, 

N03 » 13 NOVAR = I* 

RAVGF. 1 1 13 1 

REHR<* 

RSQ = 0.1*511* SER - 0.2680 SSR = . R *♦ 6 5 

F(3/9) = 2.1*680 DW(0) = 1.1661 

COEF VALUE ST ER T-STAT 

Al 0.21*1*5 0.2160 1.1317 

AO 2.81*87 1.661*5 1.7115 

A2 0.2122 0.1267 1.6752 

A3 -0.2660 0.1126 -2.3630 

2. LOG(AVGEXP) * B0+B1*LOG( I NDS I Z )+B2*LOG( CONCEN) + B3*l.OG( rSTAB) $, 

NOB = 13 NOVAR - l* 

RANGE 1 1 13 1 

REGRl* 

RSQ = 0.1*1*91* SER = 0.1737 SSR = 0.2716 

FC3/9) = 2.1*1*31* DW(0) = 1.2563 

COEF VALUE ST ER T-STAT 

Bl 0.1016 0.11*00 0.7258 

BO 5.1397 1.0788 i*.76i*i* 

B2 0.1286 0.0821 1.5666 

B> -0.1619 0.0730 -2.2181* 

3, LOGUVnPOW) = C0+Cl*LOG(fNDSIZ) + C2*LO(5(rONCPN) + C3*r.O(i(ESTA^) $, 

NOR = 13 NOVAR » 1* 

RANGE 1 1 13 1 

REGRI* 

RSO = 0.2216 SER » 0.9107 SSR » 7.1*636 

F(3/9) = 0.851*0 DW(0) » 0.9387 

COEF VALUE ST ER T-STAT 

CI 0.7677 0.7339 1.01*60 

CO 2.9378 5.6556 0.5191* 

C2 0.6205 0.1*301* 1.1*1*19 

C3 -0.381*8 0.3825 -1.0060 
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CHAPTER FOUR 
FINDINGS AND IMPLICATIONS FOR PUBLIC POLICY 

The conclusion reached / as a result of the analyses 
carried out In this study/ is that there is indeed certain 
evidence of the existence of economies of seal* in the 
production of computing services* Given that this is the 
case/ public policy ought to be formulated In a manner so as 
to encourage the more widespread use of Verger size 
computing plants. The purpose of this concluding chapter is 
to review some of the the possible directions that public 
pel icy might take, and consider/ for each, the relative 
appropriateness insofar as meeting the objective. 

REGULATION AS A PUBLIC UTILITY 

One of the most widely discussed directions for public 
policy is the establishment of a regulated computer utility/ 
along fairly traditional lines. Indeed/ the analysis 
presented here would seem to provide additional support for 
this view. However/ the present study is inconclusive as to 
the rationality of this approach to pol ley formulation for 
several reasons. 

In the traditional public utilities/ such as electric 
power/ the optimum size of plant is Quite targe; the 
capacity of an electric generator might be sufficient to 
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serve a city of one mil Hon people or more. To construct a 
plant of less than optimum size would be Inefficient, so 
that the granting of an exclusive franchise to the power 
company in a particular area Implies that public policy 
dictates that only plants of optimum size, or approaching 
optimum size, can be b#ri t. IhS^mm may be said for plants 
wh I ch generate computing power. However, ; we 4o not «s yet 
know what Is the optFmum size of plant In ^hls Industry. Of 
perhaps even greater liwportince, < -we idb not fcndw tke extent 
to which sharing an<i dlstrlbutron costs mtU increase as 
machine size becomes sufficiently larger tben two limits of 
present technology. The present analysis suggests that this 
optimum size Is at least as large as the largest systems now 
built, but is fneonefusTve ** to <«*« i»e^H2foi>g#ri"t»ren the 
present scale tfte average cesr c»#v# ##o©wes-herrzont»r. 
There are a number of reasons for. this lack of knowledge or 
experience with large systems, some of which have already 
been considered (Chapter two). But, for whatever the 
reasons, relatively few very large systems have actually 
been installed, at least by comparison with the number of 
small and medium size facilities. Further, and as a result, 
manufacturers of complete systems have not as yet built any 
system that is more than an order of magnitude away from 
what is presently considered to be a "large*' system. 

Regulation of the computer service industry as a public 
utility is Indicated if tt can be shown that computers can 
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operate far more efficiently If op«ratt<l as very large scale 
systems, whose capaci ty far exceeds any one Ind I vidua 1 
user's requirements. Hence, before any attempt Is made to 
devtse ,*, structure *©r a regulated computer ut i U ty , some 
add! tiona* experience with large systems must be gathered. 
Thus, the most immediate objective of public policy should 
be to reduce or perhaps eliminate some of the pritaentty 
existing barriers that ml 1 1 gat* again** the (perhaps shared ) 
use of the largest computers available. 

BARRIERS TO USE OF LARGE SYSTEMS 

In Chaoter two we considered several of the short-run 
diseconomies that tend to induce end-users to continue to 
operate their own relatively small systems in-house. 
Briefly, these Included the (perhaps psychological) desire 
to have hands-on control over the computer, the stickiness 
caused by the high cost of conversion to some other machine, 
the relative I ncompat I bi U ties of different models and, in 
some cases, different units of the same model, and finally 
the costs, some direct and some Indirect, of sharing one 
computer with other users. There are several means by which 
government authority. If properly directed, might reduce 
some of these barriers. 

Dgsirc for control of thg flrm'i computer. Much of the 

reasoning behind a firm's desire to operate its own in-house 
computer installation may be traced to psychological factors 
such as the presttge associated with the machine, the 
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security over the company's files and records maintained on 
the computer, and the feeling that, so long as the machine 
Is on the premises, the firm's work will get done. The 
prestige factor will, of course* wear off In time, as 
computers become more and more common and hence impress 
fewer and fewer people. However, suitable legislation can 
significantly alter the businessman's views concerning the 
other two Issues. Operators of shared-use computer centers 
must not only guarantee the privacy of their client's files, 
but must assume a large measure of liability for any 
leakages that may be attributed to their negligence. Also, 
laws or regulations may ftx limits of liability for 
uncompleted Jobs that more closely reflect the cost, to the 
end-user, of the delay. At present, there Is usually no 
such liability for assignments which the computer service 
organization could not complete either when due or at all. 

CgStS Of, gYltflffl convent on. It Is difficult to Imagine 
any way In which the costs associated with conversion from 
one computer system to another could be significantly 
reduced or eliminated unless we were to adopt a policy of 
freezing technological Innovation. Indeed, virtually no 
computer has ever had to be replaced because It was "worn 
out" by usage; most conversions from system to another have 
been the result of the user's desire to obtain the fullest 
advantage of the most current technology. However, If 
technology cannot be frozen, then conversion expenses may 
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still be reduced by encouraging the development of the 
relatively new software Industry which has the potential of 
significantly reducing applications programming costs by 
sharing these costs among many clients who require basically 
the same appl i cations programming package. Thus, software 
must be viewed as a product and must enjoy the same 
protection that is available to other products. Its 
uniqueness must be ful ly protected by copyright or, where 
appropriate, patent. Purchasers of computer hardware must 
not be required to pay for manufacturer-supplied software 
for which they have no need. With respect to software, 
policy should be directed at making a distinction between 
"computing power" and "computing service." Clearly, the 
greatest economies are potential ly possible in the former 
sector of the industry, since raw power is, in effect, a 
common denominator that can satisfy the requirements of many 
end-users. Service, in contrast, must of ten be tailored to 
individual needs. Hence, an end-user should be able to 
supply his own programs, or contract for their development 
(or lease) and then be able to run his applications on any 
of, perhaps, a number of competing services. Thus, the 
separation between hardware and software should apply to 
more than the computer manufacturers, but also to the firms 
engaged In providing computing facilities for hire. 

Sharing of commitlne faellltl^. The power produced by 
an electric generator may be shared among many Individual 
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users because a distribution system *xlst* to transmi t the 
power from the generator to the «s*r*s hom¥ or factory. 
Although the electrical distribution* system? is costly to 
construct and maintain* the potent I al savings that result 
from the shared use of the generator more than Outweigh 
these costs. A viable computer utHlty must also have a 
distribution network to transmit Irtformatldn between user 
and machine. For batch processing service bureaus, this 
network might consist of a fleet of messenger cars, or 
perhaps the U. S. malU For Ort*Tln*rem&t# access systems, 
where the greatest potential for shaf*e#u*a II es> the 
distribution network would consist of tilecommunlcatrons 
facilities to carry the two-dlr«€«t«oa'l "flow of information 
el ectronical iy. fhe existing communications plant of the 
nation's communi cat Ions «omm#n earrfers Is or can be more 
than adequate to serve as the distribution system for the 
on-line computer services. However, there^afe presently 
certain factors in the felattOffsh^s-bNitween computer users 
and communications suppl Jars t&at may p*#*#rtt th# fullest 
advantage of tfc* apparent economi #s #f **c#I« of competing 
systems from being «iad# asvanafct* ^to the ptobl tc. Saverasl 
recent works €1*3) ha^e suggested m^^U^^tre ^0f some of 
these problems, including some o* ^tUff n#*ao#fs«s to the FCC 
I nqui ry. "Those include sue* 1 slues #¥ th» fight to ^ 
l n t e r-conne^c t pr t va tel y -owned coeaaunlea* loss sy stems an* 
apparatus to the common carrier Mnesf wHft a flrtnimum 
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interface requirement, the abi II ty of several customers to 
share communications services in much the same way as they 
would share the computer's services, and the possible 
offering of services tailored specifically to certain 
computer commu n I cations requirements. It Is essential that 
any barriers to the use of shared Computer systems that may 
be attributable to policies and tariffs of communications 
suppliers be eliminated, where possible, and that the cost 
of this method of distributing the power not be so 
prohibitive as to negate any economies of large-scale 
computer operation. 

LIMITATIONS OF LARGE SIZE COMPUTER SYSTEMS 

We have suggested here that apparently significant cost 
savings might be realized by the more widespread use of 
large computer systems, perhaps on a shared bases. Indeed, 
recent developments in the art and technology of 
time-sharing and data communications make the prospect of 
more widespread use of large systems, perhaps simultaneously 
by many users, much more probable. However, the advantages 
of large scale computer facl 1 1 ties can only be realized, by 
many users sharing this facility, If the various costs 
associated with sharing are less than the direct cost 
advantage of the use of the large system. Certainly, 
communications costs, required in order to distribute the 
computing service to the users, may be a significant factor. 
However, several other possible costs include software 
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development/ system overhead, administration, sales, and 
perhaps others. Modification In existing policy with 
respect to communications services might serve to decrease 
the significance of this cost area, although it is still not 
absolutely clear that this wl U be sufficient. As for 
software development costs and system overhead, present 
experience would seem to Indicate that operational 
limitations may have been reached In the development of 
large-scale operating systems, a factor which could 
seriously limit the potential for development of large 
computers specifically designed for shared use. (I.e., a 
large system may be quite efficient If used by one 
organization for a limited number of different applications. 
However/ when shared among a number of "hostile" 
subscribers, the software development costs and system 
overhead required to protect the users and the system and to 
provide for effective user-system communication and 
interface may prove greater than the economies of scale.) 

What we have learned In this present investigation is 
that efforts must be directed toward providing the 
computer-using public with the advantages of large systems. 
This means that technology should be focused upon the 
possible solutions to some of the more formidable problems 
posed by shared use of large systems. Where possible, 
public authorities should seek to remove certain cost 
barriers particularly in the distribution sector of the 
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imformation processing field. The industry has demonstrated 
its ability to survive and prosper under a multi-plant/ 
competitive environment. The computer utility, if It comes 
at all, will be the result of advances in the art of 
building, operating, and administering large-scale computing 
systems. 
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APPENDIX 
SOURCES AND DESCRIPTIONS 0> EMPIRICAL DATA 

The several sources of empirical data used to test the 
hypotheses described In this study are discussed In this 
appendix. The data fall Into three broad categories, as 
follows! 

(1) Manufacturing Industries. census data 

(2) Computer installation data 

(3) Computer cost data 

Each category will be considered in turn below. 

MANUFACTURING INDUSTRIES CENSUS DAtA 

The data on industry structures was dbtalned from 
several publications of the Unrted^States Department of 
Commerce, Bureau of the Census. They wei*£ based partly upon 
the 1963 Census of Manufactures and upon the 19€6 Annual 
Survey of Manufactures. Manufacturing irtdtfitries^were 
chosen for analysis in this study beeiafse (a) they represent 
approximately one- third of the cc^put€fr ! lerv*fe* "market, and 
((b) they are characterized by the ^st ctfiWstent "arifd K 
apparently accurate statfstlcar reporting -o¥"alny Indtirstry 
group.' ;; " -' • "' ; "'■-■ ■■■"-" 

The source documents referred \'td were: r ; 
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(1) 1963 Census of Manufactures - Chapter 1, General 
Summary, and Chapter 2, Size of Establishments. 

(2) "Concentration Ratios In Manufacturing Industry 1963/' 
report prepared by the Bureau of the Census for the 
Subcommittee of Antitrust and Monopoly of the Committee on 
the Judiciary/ United States Senate, 90th Congress, first 
session. 

(3) 1966 Annual Survey of Manufactures, U. S. Department 
of Commerce Bureau of the Census, "Value of Shipment 
Concentration Ratios by Industry." 

Six statistics were selected for each of the U17 
manufacturing industries. The basis of selection was the 
apparent relevance to the use of computer services within 
each of the industries. Where possible, the statistics were 
obtained from the 1966 Annual Survey; however, in certain 
instances the 1966 figures were either missing or were 
ascribed questionable validity by the Bureau of the Census. 

The Census of Manufactures Is conducted every five 
years by the Bureau of the Census. It is, theoretically, an 
exhaustive canvass of all firms In all manufacturing 
industries. Manufacturing industries are those with 
Standard Industrial Classification (SIC) codes between 1900 
and 3999. Industries 1900 - 1999 were a recent addition to 
the Manufacturing group, and, as a result, the statistics on 
these Industries were not reported as consistently as for 
the remaining manufacturers. Hence, only data on industries 
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In the 2000 - 3999 range were used. The Annual Survey of 
Manufactures, In contrast to the Census, Is based upon a 
statistical sample of firms in each of the Industries 
covered. As a result, Ft Is conceivable that certain 
figures reported In the Survey are relatively inaccurate. 
When the Bureau considered the standard error of estimate 
for any one Industry to be sufficiently great that the 
accuracy of the data mas open to question. It so Indicated 
in the report as published. The six statistics used were 
selected because they provided measures of size, growth, 
concentration, establishment size, labor Intensi veness, and 
capital intensi veness. Each is discussed below: 

IndttStrY 5ltC* Value of Shipments as reported in the 
1966 Annual Survey of Manufactures was used as the measure 
of industry size. Certainly it is not the only possible 
measure of size (value added may be another). However, this 
s ta t i s t i c was se 1 acted because 1 1 prov fded » measure of the 
overall quantity of business done by the Industry, not Just 
in the actual manufacturing process itself.- To eliminate 
sporatic variations in the more marginal industries, only 
industries with value of shipments In excess of *1 billion 
in 1966 were used in the analysis. 

£lowj&. A measure of growth was provided by a ratio of 
the 196€ to 1963 value of shipments for each Industry. 

Concentration. As a measure of Industry concentration, 
the ratio of value of shipments In the four largest firms to 
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the Industry value of shipments* using the 1966 figures, was 
used. Industry concent rat too provides a measure of the 
relative size of the largest, and hence most important, 

firms In an industry* 

Pl^ii^hmuBt »la«, A measure of ostabl Ishment si %e I n 
the fo«r largest ffi5ms was obtalnedifi^mi the 1965 
Concentration Ratio report. This statistic gives the number 
of Individual establ Ishments In the four largest firms. 
Thus, a large industry with a high eooeentration ratio and 
few establishments 1a the four fca*ge*t firms would tend to 
be characterized by relatively lar^ plants and 
establishments; one with many estfcblishmofits* and perhaps a 
smaller concentration r*fel© or aJMlLvalip of shipments, 
would exhibit establishments whose typical sire Is 
substantlaHy small** than In the first case^ 

I fftr^r in^n Jt t mH i«a. A ratio of Salaries and 
Wages /Adjusted V*1ue Added was ob*»t<wdf4t*ort the 
Concentration Ratio report 9*Afsuh*#&**n£l* «« updated with 
data from the 1966 Annual Survey^ mu provides a measure 
of the relative use of labor In thoiBawtfacturltiff process \n 

the Industry. 

Coital lnt »nsiv«n a ss> A ratio of New Capi tal 
Expend fctures/Value of Shfcpmeitts w^sVaisasi to provide a 
measure Of the Importance orf aeurtNtntoaeouUI tlon of new 
capital assets In the Industry. * 
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A summary of the above data. for the ,119 manufacturing 
industries used I a the analysis are %ho*#n In liable A-l. 

COMPUTER INSTALLATION D/kTA 

The source of data on computer Installations In the 
manufacturing Industries was the "Computer Installation Data 
File" maintained by the Internatlon Data Corporation of 
Newton, Massachusetts. Access to this source file was 
provided for purposes of the research reported here. 

The Computer Installation Data File con tains 
descriptive data on Individual computer installations In the 
United States. Included In the file are data on the using 
firm and data on the nature of the computer instal latlon(s) 
operated by that firm. Although thfs data base "does not 
have 100* coverage, the file's coverage Is about 70? to 85* 
overall, with the greatest coverage In the larger size 
Installations. Hence, the use of this data base 
necessitates some bias toward bigger machines and bigger 
Installations. However/ the coverage Is fafrly constant 
over most systems In the $5,000 per month and up range, 
covering most medium and large size systems, with the 
greatest deficiency occurring In the smal 1, desk- top systems 
used primarily for specialized analysis and control 
purposes. Records containing data on nearly 10/000 
Individual machines Installed at firms Vri i the manufacturing 
Industries was studied and analyzed. 
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Several attributes of each installation record were 
selected for use in this study. These were: 

(1) The primary SIC code for the user company. 

(2) The manufacturer and model number of the computers) 
Installed In that company. 

(3) Principal application areas of the computer 
Instal latlon, where available. 

(U) System configuration data - 

a) number of tapes 

b) number of external memory devices 

c) size of core memory 

d) number of line printers 

(5) Company sales and employee data 
Although the Computer Installation Data Fl le contains 
records of systems In all industry classifications, only the 
manufacturing industries, 2000 - 3999, were used In this 

study. 

Each computer system (manufacturer model) type was 
classified according to several possible attributes: rent, 
power, and size class. Table A-2 presents a summary of 
these data for the machines considered. In certain cases, 
it was not possible to classify a given machine for one 
reason or another, due to lack of information on the nature 
of the system. However, in terms of market coverage, some 
95% or more of all installed systems were classifiable. 
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*R<fn t . The typical r«n t for a oorapattr is^&ttni type *«»* 
obtained from several sources. %A ^sfcadiiawae made dftthe « 
rewta? ranges for compwter systenw- fcnsfea I ted I n the federal 
Government, #t*er«&a;>#aififcs& eomplet»iasedoc<»iis>fsfcentfcyi :-- ! 
rdpcH^ttfd if i Nr of data on tli«se scewtedexi st« (see ^btelow*. ; -.i In 
addi tion, 3s*ver#? reference Sources i»«re jdensul feeder < ? : -j 
including -thev-Adtams Associates L M £onii*otemv'Char»aterbSti.cs - 
Quarter l-/'^t*nd;«l*e Aueiebacb eorp©ratton' ? s:"Sta»daPd EDP r 
Reportsv* f *1>tho»«l»s^wieadata Idfn specif fee derail gunafetons wa# 
a v a { fab r*> f ram ■ tlte 'oQempu tew ? haste 1 T«fc toe eD#t* «§ 1 1 e^ It . was 
determ$jrt#d*§hat che ' -4is* -"*•€ ^typloa)! i»f»tew9Pe«t»l'* i -iw«*(;' • , 
suf flcleRtly accurate >. aynl so m e wha t nbe«» bta»ed» than the ' .■ 
use of any basis for directly p*icNi*>;o»fciee<:ta installation. 
This Is due to a general lack of ,*«ar»ll consistency in the 
reporting in theiCtU»f> and the even greater difficulty of 
acttfST^ydset^fTOtfiMif *h feeh »p#cef i c :c em ao n ert tai>j havfeng. In 
rsawy htstances, o»IWMe> ra^esTofejce^fcs^iWdtesSoause^atc*/ 
particular installation, it is reco*n*x«d that, as a 
result/ the use *of sorae "ty^lieaVliUMIiatfcattoeJi^nt^iiaje not 
di redtly provide a isean* of assedifce* ti»mk99'&& am- 
i nstaTVatioit at a gi ven f I rm; ;ho**ev»r> **l fchstfee r&atfeef i*ese 
size of the saropl a used, nearly l&^O&frbndbVld^V systems, 
an y d i s=cont I nu ! 1 1 es *ou Id fc* :^»dea*dd»aoe>feaoeeena 1 1 dsy*s terns , 

system 'that was used I s the irjesu-kt *afjs»:fstudj*5b»?(l«Bneteh E. 
Kwf ght t9, 10), -that £SXHV*ttjtdoass>fcssi ecsMlfle -dimension *«f : 
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the wqaan t ! ft* of -prooaasbog . Pa* ua hfc tt free i tft jcempu te Cj:f£s tern 
types ^miTRU^** of wcaarae, ^a dfetfciicttkt l*atdt#sesM&e# tJ*e ; 3 
"power* iof any cdrnpti fee a nsy standi* asjfe**c?feboncaf efelse .native 3 
of the ap0liieationot»r**ieb»tt Hk* aPptMNisaf***?** *b«c-«**M't* 
of the v*w?«tfr eras ran* i Uie mm* m*mtmmm*f sterol** ?<*' f*t ****** 
quant i 1 1 es t»« * ser^bce "par *aofefco*Iiean»n4#©id f ffte*aat no i J 1 1 
appl fecatison* e«|ttheen»dt«ro«rtd m+itmlmll ***&»*?*>{ rOH«' o 
system t:yp«st®^B^tlIe>osy»t^^t#pekoHi*f** a*»kte>n4lft«»»»* *-•.•£- 
for* dlifflaeawfc appbl cafcSoas; r,Th K» &t* *a*eati*eKau«omp»*tee n i ; 
system consistSs^Jf Jse«eeat : top*«1ta«*ue»*»eo8*»tattriea*h dtfl i* / 
whi ch miy ha^iseversV «acrfe*rnia*ee atfeeUmfres. & r©eBj#r»al^iM -b 
busr^i^ssfe^pe ^^0#Uic*tUinS6r*fK»fc^ ^•^tsk»»*^'5^^« fe ^^^ ^ 
analysis type appH C*ti<ww^whl eK *ane tally e*Q*trtfftP«t> «£- 
compucatkon^elafctepe to^M*. cHenaa, i»-*ye>*em *ttlk^o<Kt c « n r 
input outpot fdapabb?|ifeh«sr?pefea»H«ebt» <^tm»t*tlbon i -rdi-oqs .• 
ca Pa lb k 1 M Vw* wod 1* tend no ? perform dM €tee£ minders s* ^Ifcu % If n«*« r> : 
use tfcan-foe *oie»cfcf4G£a^ote^ha|«e.fc •K»W«aV»«»fc3^ 5 ^*- 
the J ssae &f Jnpat oaf pmtoearaUs 3eompjefeitfedn>iei*ji s*st*fti 5i»y 
ha 1 ?* «th«pn»et*cbf sat*»fcWttf<fct)H«*alto»nf«nd*r»et teemem'u.- 
suited fo* one -type so* wjkkctttoftsotfeswtthuiiw^l'jtifes ' ^ b 
isecognteed th \s and attewpiearita^dfolfwa J fet ? to ssoma extent - • 
by <i«Wiemfcnf »*4 ifd<&nrf a «io*#»t«iTh#n»t»*fcajd*[BW«r sMjdheJeA <? 
f orbo tn «bui l»na»a caa4os*fea*t»#fe *fc+J u dU% fe*> sdfjndoweeie* j««? ** 
radtfees^tne eatewt ^^t^««««^««3ai«^»^tika^apAUQajy^^ in 
each of t&ase two^atafdrlai^^at sd&e* ne>*a©1 b»Miat*5tha- z\ ? 
d i f f A catty?- iP«r ! tfca ep»rp«a'««^>eJtha«p««sa»tist;a<yA e«he .itmiav 
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Knight ind teles were weighted so as to form a single Index. 
75% of the greater df the two (business or scientific) was 
added Co *i% of tM^t#i»#P>df y«Heatwonitii*gBc^ifcimb«rs. This 
was based sypon the *a#sumpt I om that^ q I « : genera ** -a ~.*ach *ne : 
woo Id bemused to process the <mo*t effKclenr type of 
applfoaCfon as I ts or i mary ^poroosel^h -Atetwigh the Index Is 
impei*fefct> ! i t do#s prdvPde **4feCA*Ntopi<x«»fri!iis> tKetih ^ 
quanti ty of data processing provfded by each system type. ? 
Whereas Its usefulness for making comparisons^ between any 
gi ven ipaW-tif machines 1 s MgK?y thiii ted. Hi sa*«ftfl feriess 
f<*t* the purpose of *thl>ft*cud«, N*t*«re d*aeb comparisons ar>#? 
not important in relation to data on the orders of magnitude 
of preetiabFfti power - that I s J g I van by ntws si^d Nt i esv ttie 
Knight figure* Seom^rte approprfat-e and useful. r - « - : =l 

s i ze c l aty f r^at r^i »asod upon -a&dowposl te of r*nt, 
power / and other data available on eachaeddlpotaisssystom^-'a^i 
classification into L «^ghf ^rsta^Nf^^aiWWWIaddi Table A*3 3 
presents ^mnUh-y df ^fHtfwei^rsa^tdiRt^tKe^HS^nfiachhnefi hn 
each class. 

A summary of computer characteristics for each of the 
119 industries studied is presented In Table A-»». Table A-6 
contains a summary of the relative importance of each of the 
three principal application areas within each industry. 

JNSTALEATION GOST «ATA v.« ^ * i^-sn -i nr 

Public law 89-506/ the so-called BrOOfcsActA - 

establKshed/ wlthlh the -^Fe4e¥*t- Goverbwerity a%-ot ^, 
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administrative procedure for ma Intaintng a consistent 
reporting ^mechanism for at 1 computer installations I n use by 
Federal government agencies and departments. While fche - « 
primary purpose of thi * procedure ;««iytfsfMi1 itate greater 
sharing and economizing on the part of Federal agencies in 
their use of automatic data processor equipment, one of -the 
by-produets of this procedure was a consistently reported 
set of data op the nature of each U»ten*tion In the 
government .employ* -■;:*-.• ^^'.i:,';-,-. 

The Automatic Data Processing Management Information 
System program was established Jtiue<cd«« ra>f tthecN***"^ the 
Budget* The s^etejn't ourpoteeare !•■-■■;■ 

(a) provide to -fehe *ire*ur*# i the Bu<kget, 3 ffcg< 1} apartment of 
Commerce, and the General Services Administration timely and 
comprehensive <Mrte#emle« s |ooaam||*te^ IN 

discharge of their responsibilities under Public Law 89-306. 

Cb^aproyJdeewlreAa^cetstm **e«Sjy hpdjj.fctbf * :■_■> ■., 
administration and management of their automatic data 
procese-feag^aetlviljtle*/:,.©* <>■.■■ •; s «-•£' *<ws £.5-0 - *>t' -: ■.: '■-■ < >;•- ■-* 

(c) provide a comprehensive and perpetual Inventory of 

(d) provide integrated subsystems for inventory, 

.uti 1 i*aftfaert/i iiiafipeiwoe* mst?********!*! tlP^M****** • * ..- •.■ 
(Ref. 6, p. 1) 

The ADP Management Information Systems Office of the General 

Services Administration is charged with the responsibl 1 1 ty 

for collecting and maintaining the data in the ADP file. 

The use of this data was made possible by that Office. 

U.S. government use of computers represents about 12 1 

of the computer market in this country«r i#enef&ly«*. the 

systems are obta t«e4 f rore thf manu^ctu^r^e^.either on a 

lease or through outright purchase, at full U&t price. ,-,.,.,. 
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Further^ the netureeof a computet installation Jrv 1 
government agency! s out te slm44erTto one that might be found 
i n any d I v4 1 i an organization. Hence, J t appear*/ to be qui to 
reasonable to draw some general conclusions as £ec-<t*e nature 
of all Installations from th-is- admittedly blaseb>*amp4e of 
such f ac little* that 1 s 1 1 ro* ted; to § ede r^jU&MMSWmM:- 
operatlon. ■'"'■■.'■' :-r ■■■■'>>■■>.:;■ ??-.■■ 

Coin pa t ft r S ra tem Coi t 1 ta « a» > J n#i v j deed o record for 

each I ns ta Mat ion contains a complete breakdowns of all 
components *n the one or- 8K>r« e owpa tar? ays tears present at 
the particular site. As a result, It was possible to obtain 
a cos t d f s tr l bu 1 4 on of the var lous ■ coef 1 garct Ions of ■ each 
type of system installed In the Federal Governments- 
Generally, the average r en s> of < r a 1-1 4 ns t* rreas of nth e.- seme 
system model type was used as* a eacAelfor classifying 
computer system-types into the eight sJce classes (see 
above) and for assigning typical configuration rentals to 
that system type. Whore the federal' government date: seemed 
to be inconsistent with the cost figures published in one of 
the aforementioned reference sources, further study waa c ; 
necessary in order to determine the correct renter figure to 
be assigned to a system. The rental, f I gores for Federal 
Government computer I nsta nations, ast;oeta4neds from the 
Au toma 1 1 e Da ta Processing; Kanagement 1 »f or mat I on System data 
file are presented in Table A-5. Rental va1«as^arer«sed 
because they seem to be the most consistently reported 
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figure. This is fcrue^eveh J#jitMosomptetensy*teB*:wa9 
pin-chased by *he& Fedara loageocfcB ? e Tl»»i mtctm*$o*W!&alf P*<* c**e - 
or J ts<s*q«i vaiawtt J f * the*39*t«m. mmtm-. purchased* ; I S rieqirired 
in.tiit yetjort o# ea*h?ag*ii«Vs*Hiis£al«j#JJo*is vtocthe! General 
S erv i sfrs Admtf«4 s fcra*l on; f fcrbeurDftSsac at *dl# f *0 Pi €i 1* *• 

o nferafc* rarv tos ts^ g 4 n addltJon to, hardwares eps* data* 
the ADP Management Information System file containsr w -^o 

breakdowns* opera t J hfctos As o&Aa&&&\M£8»££$&MsJSbM n the 
actual hardwareoir*«*a«i <e>r *qaJvale*t;l,<*f tl*ej eoiipi***r( si. - 
present; ?S«ver»3? ew^icaiea^ir lascaar^p^awlded *©r repoctrfflg 
expenses: .. -* -■ .,;fucis-i s cA .^^ "u- .^.-'-cc -/--; 

( .1 }», € I v* U ao f Sal ajr ! e»« a ndu o ve* * 1 is* ( «#c?* u si v e ©f e»p3 ©y ee 5 
fringe benBf*ts)*v i-^^t^' 1 3n? «; „•*{ tsjen ; r^l^v.7 : ro m\ t 
(2d KM HtaryoBasa *aynand Allowances ;* where appl jcabJei .« 
(3) PB**cfeed^€afd Equipment reaiaclSci 1 nc^udes jai4 £Af4 
equipment, sachas kayspart$hasfiso«±afs#0atc.^tbf t s¥Ppqr*r 
theocowpaterisystasrKnt ?^ > fs^ic^l jin Ins. ; f*cc '-oi b--:,- f-joo^ 
4*iHMaa;ne*ien*ae>esvafid dlskspaeks tis«dw .sqv: v,^. <> - 
(5d Parts fof r 'IfH?h©ase^mainte«aa«P Pf purckisednlBP- 
equipment f ---^.r^- -c.^to^ s:sn3*H«~s*s H^no ' insm^io'r^ -•"':- 

( S1l Supplies^ used -<»ape*g;caff da? Q»*e.i:i '^dv:^ -i ; w-.-^r 
(7Jft9thet operating! expenses apt classified ,3 -«;;,,-■ 3 
These-cos^ figbras wa«5e«asedf»aSitt»e6pa«Isn#pCqAb« wadeA-ipf 
InstalJatldnr opei^t*l«ic©SflSK>ir«at«os^aga«^i5e«t#JfcCOStf^^ ; t 
discussed; ear J4ef»v '&j«:jh « ,— a 3! c- T "*i l . br.? /.sparse; *>:& -f 
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Value of Shipments (1966 figures) 

( 1») Number 6T rnil V Vma\ ^ftSferl ih^men^ \ n -tKe* *ou r v-1 argest 
firms (1963 figures) 



"U rw -t^ i^ ?"C *■■*■'" 
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TARLEA-2 
COMPUTER SIZE ANrt Pd#ER~D*fA 



MANU 


Model 


clASs 


COMB POWERS 


Ifcr po#er 


BUS POWER 


AS I 


210 


2 


7679; 50 


:J:|86|.oo 

c3 2i62l.00 


MU.OQ 


ASt 


2100 


3 


21031.2$ 


a 102«l.O0 


Asr 


6020 

eoio 


3 


2**1Q?2$ 


-28160.00 


ism. 00 


ASf; 


5 


NiA. 


M. 


.N.A. 


ASI 


6050 


.•.;• J. 


, ., H. A. 


"N.A. 


ash 


6130 


': -3 


M* c 


■'"'-* M- 


':";'; N.A. 


aut; 


REC2 


•?-i 


38. Of 


M.36 


28.0? 


AUT." 


"REC3 


i 


45.15, 


" **' 28 


J c 35.76 


bra: 


230 


Q 


M^ 


N.A. 


.N.A, 


BRA 


300 


■. -o 


N« A % 


N.A. 


:: N.A, 


BRA^ 


330 


H o 


N.A* 


N.A. 


N.A. 


BRA 


310 


,;-S'- 


Hur 


N.A. 


^..^N.A. 


BUR- 


220 


. - 5 


1*1*;5$: 


:. 810.20 


^6:16.00 


BUR 


-6101 


1 


1.78 


.68 


12. 15 


BUR 


6103 


1 


1,78 


.68 


2.15 


bur: 


;e?ioo 





N.A. 


II * A . 


N.A; 


bur : 


,B100 


% 


N.A. 


N.A. 


N.A; 


BUR 


B250 


2 


N.A, . 


N.A. 


;''" :n.a; 


bur; 


ft 2 63 


2 


N*A. 


N.A. 


N.A*, 


BUR" 


B270 


2 


n^a;. 


N.A. 


-, N.Ai; 


BUR 


B2i0 


2 


N.A. 


N.A. 


: ^r^N.Ai'- 


BUR 


8200 


' ; ;-'2 


N»A. 


|.A. 


1 N.A. 


BUR. 


85500 


5 


502219.50 


376275;. 00 


5U|?01.O0 


BUR 


8$0O 


3 


N.A. 


™ . A • 


IrN.A. 


BUR, 


5$$P0 


, , o 


N,A.. 


a f- N.A. 


; r "N.A«~ 


BUR^ 


8*2500 


;' -. - 3 ; 


2713^30 


tl 22153.00 


2|f01.O0 


BUR,, 


stfsdo 


* 


l*869* t 2$ 


.15*8*1.00 
112726*. 00 


130^1. oo; 


bur; 


B6S00 


; ■ 5 1 : 


303l|38i^8 fc 


275^0.00 

_N.A 4 


BUR 


B500 


t 


n'U^ 


3 "* |.a. 


HON 


DDI2* 


r-'.'l 


619.67. 


,r 580. *0 


132.76 


HON-, 


■DD|?2i» 


■":>•$:'- 


;|«»2oi^59t 


UpS2330.00 


81112.00, 


HON 


:DDP116 


2 


3561^00/ 


5 ic 217$.00 


W3.O0 


HON 


DDPUk 


2 


7i6&:sS 


5812.00 


W8.O0 


HON 


"DDP516 


. 1. 


N^Ai 


N.A. 


!:j r-*;N.A. J 


CDC 


G150 


1 


50.5^ 


57.3* 
37260.00 


}io.2$ 


CDC" 


G20 


*. 


62610 .o(r 


71(3160.00 


CDC 


:160 


3 


101,88 


11$. 30 


«9.63 


CDC 


160A 


3 


1588 «75 ! 


1011.00 


17|0.00 


CDC 


160B 


* 


n:a,. 


N. A. 


<: 'N.Ai- 


CDC 


92«» 


* 


N.A. 


N.A. 


N.A* 


CDC 


92*A 


* 


n.a; 


N.A. 


N.Ai; 


COC 


1604 


i 


48815,00 


58298.00 


20|tO.O0 j 


CDC 


160*A 


"' Vt. 


"JTAj 


N.A. 


,?V!N.Av : 


CDC 7 


3600 


6 


383392t5| 
2*169*.75 


*5906$.00 


i*re|f5.oo 

157202.00 


CDC 


3*00 


5 


269859.00 
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TAfJLE ^r^li^V 



MAKIU ,M0DEt CI.AS&, C«*B PQ*$%c v&fij *§$?;» 




iU; 



6 ? 8903SU|; 

l07UI»l^i 

55556ft:0| 

ta a 
570510;7| 

3884*5i 

10973 t 7f^ 

l»297|;0( 

5876515 

1573*7 

fl.A 

6808*2 

N A 

6808.2 

36^91 

, ? 508§j7 

6504*5 

6989J7 

2697*57 

13631,0 

48668^0 

19781 
31769 



~ r 195256. 00 
f7021618.96 



V1$i 



c . ,177$. 00 

■ ij ^52*1.00 

6566.00 

28551.00 

jagjU 7l»7|.00 



:I\t 




BU S ROWER AK 
87510.00-, 

i»o93t293.oo :■: 

^";n.a*^ 

""N A 

.--■ ■» C™ • M TU ; >. 

li "" J ' N *'•*•■■ 

i9**fs.oQj ; \ 

!•• n r " • ** « •*• c 

75 9^" v: 
1?,S|9.0( 

n Jt«|l.oL !0 

<-, -r i-- o™ •"*•!■- 

8,5^6.00 - 

-* C a £J» «• j» V ... 




N A * 

,J /» ~- r " « " * ,-% r- 
.*■■- ** M J 1 «t»| » . =■ 



CM? 



N.A2 



$£ 



TARfaf<A»fc;.(C9NXINtf!W 



MmV ^MOHEL -6US$ >COMI^|TWE8f-ioSC|gtOyER 3 »US ?WER 



,8Efc 405 , a.N.A. 

GNPa? LGP21C OiirO f ijA. 

.8NP IGP30 ^ 3 ,a!m.A. 

,fiNP 4000 , M 2 .;* M.A. 

'HON* 200 .:, + > 3 5f5fg25 

HON 400 . ,, U 2*02.50 

;MQ»fc^80O ec u I 2?5?iiH 

WON H1M0.A,.- 4 §*§8.25 

oNQi? 1800 \ m 6 9f|§I<s50 
:H0B^ 290 .;•> -'■..»:?; slllilJjc 

M0»- 510 0-- ^cl>-' ?<: MiAi ■■- 

BQS ^2210 ^^. £ ((»^, 1389%;?50co 

MQU H20 .*.* . 4 H. A. 

.WON H21 .*,* &*N.A. 
&HON^3l20 i;-o, -2-c- 76$8s58|£ 

HON 1200 *.,. l» SI**. 75 

MOM H4200^ 5 42*4*. 25 

.MOM H8200, >[■* 6 A.M. A. 

«MQM H125 -a 3 iA J.A, 

HOS H110 2 £: «.A. 

OHOMi H1250 .n... 4 Ce.M.A. 

^B*!^\305 % -,ffI ^~95iff 

il&M,- 36030 ^1:4 li$|3fiiO 

'jr8Mojirl60*0r.. w , 3s jJ U59Hfc25 

^B»: 36050^0 5 17?|5|.75 

ISM 650 •; /. 2 ^6.02 

otBM 1401 !•:. 3 °9}ti07 

fcBM 1401G » 2 111.07 

4 *BM 1410 .*..,• 5 $8,98.75 

^BiiPAPiufco , ^ :5 mtit* 

IW 1460 a J k 58Q8.75 

*BW 1620 2 ^2.89 

*BM 7010 , 6 1QB85.00 

ItBNS 704 r ■ 3 5 *HJi75 

*BM 7040 . 5 l$A3fr.75 

tBM ,?70«»4 u. rf^ 5||QQsffQ 

OtWi^lOS r; ^ , r: ,5 i?4J*?§ 

-fBWc^!070 . ^9oc fcf$? e |0?? 

*BM 7074 u' 6 39H0S.OO 

CtBH 7080 v _ ; fe 7 0X 2§9ll£S|e 

*BM 709 ,-; 6 1§5?8.00 

*BH?ri7090 ■ ;a 7 8#380;90 

u*B*Ct8?094 00..:i^|;-( 1558Q0i9fo. 

IBH- »U 70941 #" h^7 1866I7i50 

DBHa R1710 ,..;.Of?-ne u'M.Ai 3 



, N.A. 
S N.A. * 
1 N.A. 
N.A. 
1148.00 
*354.06 l0 



r N^ A, 

I M# A. 

: n s a. 

Ms A • 

:702?g§0 

l275* g 80 



21790.000003137604-80 
1770.00 oo&r682A«90 
11§600.00 o 

5354. 30 ?5 
N.A. 



1|222.00 

P N.A. 

C N.A. 

2100.00 

2130.00 
4J569.00 

1 N.A. 

? N.A. 

: n.a* 

I N.A, 

i 94.47 

7942.00 

3)438.00 

18J488.00 

2llO.IJ S . l4 i4 
T340.90 .^ 
1340.90 Z c Z 
J673.00 r 
J412.0|«c 

1611.00c; 
94.7|f^ 



$729.00 
11670.00 
2|420.00 
6?660.00 

^734.00 

1813.08 
4|990.00 
2}090.08 
11690.00 
9*350.00 
171900.00 
211108.00 

? N.A. 



^57750^0 
,bz 182*80 
i<jr NsA. 
aJ4332 $ 90 

A ■? Ms A. 

^9526*90 
dJ090*;90 
5*2270*90 
?i MtA. 

Or 96,fc7 
i>7lO%-apO 
r?007^p0 
i4896| a d0 
29HP 
< 96? a 80 

c 96?i80 
;4638 g pO 

£5559*a0 

n720f|p00 

U7.20 



* w* 



S- i 



J1537&00 

c 3785^510 

^9079 4 00 

,23420*80 

Or 208 7^80 

ms 5 139^0 
C?1658>80 

.'50869V-90 
,10238^0 
0|547gp80 

€ |590J| S 80 
j|514ii80 

^6 N#fl» 
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TABLE A-2 (CONTINUED) 



MANU 

IBM 
IBM 
tBti 

> + BM 

' f BM 

IBM 

-'IBM*-'' 

■-fBM^ 
TBM 
fBM' 
IBM 
IBM 

-Ibm 

IBM 

IBM 

TBM 

f BM r 

IBM 

IBM 

mon 

MON 

■Npr-- 

NCR 

NCR 
NCR 
NG* 

NCR 
NCR 
NCR 
NCR 
NCR 
NCR 
NGR 
RAY 
RAY 
RAY 
PHf 

p«o 

PHi 

f»H* r 

RCA 

RXA 

RCA 

RGA 



MOOEL CtASS COMB POfiER^ SCf 2*0«ER 8*S POWER 



1 f 



771*0 
U01H 
610 
6 1* 00 
16201 
16201 
16020 - 
1800 ! 
1130 
36065 
36067- 
■36075 ' 
36090 
19711 
360«*U 
56091 
360 25 
36085* 
360/* 
MON-tX 
MON-XI 

30«* ■>*■ 
310 
315 
390 

k i»l-22 
590 
395 
500 

315RMC 
CENlOO 
CEN209 
GEN* - 
250 
M*0 
520 
1000 
-2M-212' 
2000 
2M-211 
3100 
301 
3301 
501 
601 



l* N.A. 

2 811.07 

1 N.A. 

1 N.A. 

2 82,14 

3 N«Ai 

2 I85${«; 

3 -^UsAS 
1- i»S^S f 

6 12<*i8Ui45 

7 12t»Ul*,25 

8 3 3009 t* 06 
8 -A N.A. 

N.A. 
k 98H08SI7S 
8 ;r .N4A* 

3 : :i.HlHS< ; 

8 N.A. 

3 N.A. 

1 -A.i.12 
1 8.93 
I* HtfV* 

2 ioi|Mi 

U 9l»«*?iW 4 

i -.lbs- 

- N 4 A. 

1 "17*39 

1 NiA. 
•1 '-- >H?A» 

% 8i6$*§8 

2 NCA. 

3 N§A. 

2 N&A^ 
1 52.22 
3^ >NU* ; 

3 25I9SC8S 
<* §532?7S 
6 29SlQ7i§9 
6 ei,N9A^t 
6 93ll8*ei: 
8 ■- -i-HSAa-t 
i» 872§88& 
5 109860288 
t*- iii7i*|S 
5 6623?. 50 



u <-* 



N.A. 

3*0.90 

< N.A. 

N.A. 

91*. 79 

* N.A. 
1932.00 

- N.A. 
16.38 

138S573.00 
1381573.00 
3568851*. 00 

5 N.A. 

N.A. 
102$9«*1.00 

* N.A. 
; N.A. 

N.A. 

N.A. 

,»*6 

- I*. 81*? 
1136.00 

119.30- 
11*08. 00* 
I 2.03C 

' N.A. 
i».29 
i- N.A. 
N.A. 
336>».00 
N.A. 
N.A. 
N.A. 
62.23 
N.A. 
29118.00 
1811.00 
369800.00 
N.A. 
lOSItt.OO 
£ N.A. 
323.00 
128761.00 
"638.78' 
68690.00 



N.A. 

96?£80 

N4A. 

N.A. 

i»r;fo 

M.A. 

I* 1*97*80 

N.A. 

58^76 

809738^80 

0889738.80 

H37806P80 

v ': N.A. 

N.A. 
858520.00 

NPA. 
NWA. 
N£A. 

N.A. 

i;33 
ie.Fo 

2«*«*5£00 

i»9.63 

111*68200 

C^ 18%* 3 

N k A. 

:•}*.' ' 21S76 

NiA. 

W»A. 

- 9896g80 



HtA. 

2fg21 

131*27^00 

10UU0.00 

i8«*238g00 



557U8S80 
Hi A. 
0U055*80 
58359g80 
U877*00 
S888Q.00 
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TABLE A-2 (CONTINUED) 



MANU MOREL CLASS COMB POWER 



RCA 


7015 


2 


12898.75 


RCA 


7025 


3 


28479.00 


RCA 


7045 


4 


270771.25 


RCA 


7055 


5 


1311151.50 


RCA 


7035 


4 


110#8J.75 


RCA 


7046 


5 


N.A. 


RCA 


110 





N.A. 


RCA 


70/« 


3 


N.A. 


SDS 


910 


2 


4219.50 


SOS 


920 


3 


8t7*\00 


SOS 


930 


3 


60f*4.5O 


SOS 


9300 


4 


35*§f.50 


SDS 


92 


3 


6fc$»f.75 
135W.50 


SOS 


925 


3 


SOS 


S 1 GMA7 


4 


• 809#9#.50 


SOS 


SIGMA2 


2 


11388*. 75 


SDS 
UNI 


SI6MA5 
1 


3 
5 


23%t* 


UNf 


II 


5 


206 £.00 


UNI 


SSI 1 


5 


N.A. 


UNI 


1 tl 


5 


22772.50 


UNI 


FCII 


5 


79.23 


UNI 


SS80 


4 


N.A. 


UNI 


SS90 


3 


N.A. 


UNI 


418 


4 


139614.75 


UNI 


490 


6 


17090.00 


UNI 


1004 


2 


19.41 


UNI 


1050 


3 


17763.25 


UNI 


1050-3 


3 


N.A. 


UNI 


1105 


6 


5253.50 


UN! 


U60 


1 


N.A. 


UNI 


1218 


2 


N.A. 


UNI 


1107 


6 


123037.50 


UNI 


1005 


2 


907.43 


UNI 


1040 





N.A. 


UNI 


1108 


7 


N.A. 


UNI 


9200 


1 


5991.50 


UNI 


9300 


2 


14905.50 


UNI 


1206 


6 


N.A. 


UNI 


491 


6 


49090.00 


UNI 


492 


6 


N.A. 


UNI 


494 


6 


1468290.00 


UNI 


1230 


3 


N.A. 


UNI 


1219 


4 


N.A. 


UNI 


9400 


3 


N.A. 



SCI POWER 


BUS POWER 


1837.00 


16586.00 


4818.00 


36366;00 


211610.00 


29049^.00 


134|132. 00 


1224010.00 


6 il 86. 00 


126391.00 


N.A. 


N.A. 


N.A. 


N.A. 


N.A. 


N.A. 


M<il. 00 


2355,00 


1244.00 


4964.00 


7fl81.00 


21035.00 


41876.00: 


|064|^0 
79061,00 


1*140.00 


9 |692.00 


150102.00 


89$566.O0 


55428 Ov0t) 


118fl52. 0$ V 


lt>107fZfO 


: N.A^ {i 


'■ ' lT n.'a!. 


140.10 


271,40 


1155.00 


2363.tf0 


N.A. 


N.A. 


22720.00 


22790.00 


33.46 


94.49 


N.A. 


N.A. 


N.A. 


N.A. 


58767.00 


166564.00 


17770.00 


15050.00 


1.79 


25.29 


12028.00 


19675.00 


N.A. 


N.A. 


4433.00 


5527.00 


N.A. 


N.A. 


N.A. 


N.A. 


138700.00 


76050.00 


71.73 


1186.00 


N.A. 


N.A. 


N. A. 


N.A. 


1592.00 


7458.00 


4350.00 


18424.00 


N.A. 


N.A. 


49290.00 


48490.00 


N.A. 


N.A. 


1291740.00 


1527140.00 


N.A. 


N.A. 


N.A. 


N.A. 


N.A. 


N.A. 



7?$mz3m~-^- 
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TABLE A- 2 (CONTINUER) 



MANU 


MODEL 


CLASS 


COMB POWER 


SCt .POWER 


BUS POWER 


EAI 


Sk 00 


k 


N.A. 


N.A. 


N.A. 


EAI 


6U0 


1 


N.A. 


N.A. 


N .A. 


EAI 


8900 





N.A. 


N.A. 


M»' A. 


PDS 


1020 


1 


N.A. 


N.A. 


N. A« 


SEL 


810 


3 


N.A. 


N.A. 


N.A. 


COL 


8«*01A 





N.A. 


* N.A. 


N.A. 


GOL 


8500A 





N.A. 


N.A. 


N.A* 


DSC 


1000 





N.A. 


N.A. 


N.A. 


VAR 


DM1620 





N.A. 


N.A. 


N.A. 


VAR 


DM6201 





N*A.> 


N.A. 


N.A. 


$0% 


moo 





n. A. ; 


N.A. 


N.A. 


FOX 


97600 





■\' N^A»- : : 


N.A. 


N.A* 


see 


976Q0A 





\ N^A)«5s 


N.A. 


N.A. 


670 


2 


-■ N#A.; ; * 


N.A. 


N.A. 


WES 


PRO580 


.:»*: 


-■ ? ^NkAtt :r ; ; 


. \ N.A*, 


N.A. 


WES 


PR050 





', I£*jA#-"; 


N.A* a 


N.A. 


WES 


PRO510 





Hs. A . 

5927^,00 


N.A.- 


* N«iA. 


SYL 


9<»00 


5 


6$510.00 


t»955G # 00 


IS 1 


609 





:■-.; If<4* 


N.A. 


N*A;* 
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TARLE A-3 
COMPUTER SIZE CLASS DEFINITIONS 

CLASS RENTAL RANGE MEAN RENT 

1 <2000 1381 

2 2000 <5000 3270 

3 5000 <10000 7386 
k 10000 <20000 13201 

5 20000 <40000 28751 

6 1*0000 <70000 52213 

7 70000 <100000 86287 

8 100000 & over 227367 

Rental figures are monthly 
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TABLP A-i» (CONTIMUED) 
EXPLANATION OF COLUMNS 

(1) Number of computers in operation within this industry. 

(2) Average rent of computers in industry 

(3) Average total expenses of computer installations in this 

industry (based upon Federal Government experience) 

(h) Average power of computers in industry (based upon 
Knight's power indecies) 
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TABLE A- 5 
FEDERAL GOVERNMENT COMPUTER RENTAL DATA 



COMPUTER 


NO. 


RENT IN DOLLARS 


MANUF MODEL 


tNST 


MfN 


MEAN 


MAX 


ASI 


210 


3 


1194 


2512 


4175 


AS! 


2100 


2 


3?00 


5231 


7264 


ASI 


6020 


2 


5410 


6548 


7687 


ASI 


6050 


3 


6384 


nn 


8028 


ASI 


6130 


1 


6855 


6835 


6§55 


AUT 


REC2 


18 


1 


869 


2495 


BRA 


130 


1 


3129 


3129 


3129 


BRA 


133 


4 


196 


2974 


4500 


BRA 


540 


1 


9422 


9422 


9422 


BUR 


B250 


2 


4380 


4380 


4380 


BUR 


B2500 


1 


8910 


8910 
2579 


8910 


BUR 


8263 


101 


1220 


3700 


8UR 


B28Q 


2 


3833 


3834 


3835 


BUR 


B283 


6 


6135 


7438. 


10895 


BUR 


B300 


2 


4168 


55*1 


6875 


BUR 


B3500 


77 


4139 


4545 


35280 


BUR 


B550Q 


9 


19817 


37341 


84063 


BUR 


E101 


3 


935 


1205 


1635 


BUR 


220 


1 


28220 


282|0 


28220 


CDC 


G15D 


30 


280 


1*35 
885 


2621 


CDC 


LGP21 


3 


740 


1080 


CDC 


L6P30 


11 


350 


1592 


5080 


CnC 


160 


54 


1600 


7777 


37123 


CDC 


160A 


42 


1502 


91|$ 


76709 


cor 


160G 


32 


0025 


12012 


19950 


CDC 


160ft 


23 


3829 


mi* 


5H590 


CDC 


1700 


11 


2070 


*$lt§ 


10322 


CDC 


3100 


39 


4}25 




21302 


CDC 


3200 


23 


4340 


32395 


cnc 


3300 


18 


13800 


? -l*fat 


**¥«o 


CDC 


3 it 00 


1 


28350 


"HW 


283f50 


CDC 


5600 


13 


15600 


sM* 


104292 


CDC 


3800 


14 


16200 


51170 


77710 


CDQ 


4000 


3 


1865 


2381 


•3150 


CDC 


4010 


1 


2530 


tsie 


2530 


CDC 


6400 


7 


38700 


612U 


8J655 


CDC 


6600 


27 


62950 


11X848 


32*505 


CDC 


8041 


1 


2955 




1t?55 


CDC 


8090 


37 


1650 


16900 


CDC 


80928 


" 5 


3915 


*iii 


'4835 


CDC 


8490 


2 


5*30 


sin 


66/15 


CDC 


924 


14 


4$52 


18555 


2J4186 


CDC 


924A 


3 


10162 


167ti 


21015 


DEQ 


LINC8 


,. 5 


160 


12!2 


.3954 


OEQ 


PDP1 


14 


1327 


4418 


10682 
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TABU A-5 (CONTlNUEn) 



COMPUTER 


NO. 


RENT IN DOLLARS 


MANUF 


MODEL 


INST 


■!W 


MEAN 


MAX 


DEQ 


PDP10 


1 


12650 


12650 


12650 


DEQ 


PBP4 


6 


1750 


2823 


4732 


DEQ 


$0$ 


15 


; 400 


U3U 


3038 


DEQ 


PDP6 


2 


2492 


3871 


5250 


DEQ 


)N>P7 


9 


1240 


2767 


,3672 


DEQ 


PDP8 


16 


142 


4^1 


1069 


DEQ 


PDP8S 


, k 


199 


241 


294 


DEQ 


PQP9 


5 


1024 


1*97 


3834 


EAI 


8400 


1 


9088 


9&P 


9088 


ELT 


ALW3 


2 


110 


1855 


3600 


FRI 


6010 


6 


621 


aide 


1820 


GEL 


030 


1 


6913 


$913 


6913 


GEL 


PAG402 


■4 


35270 


nm 


39791 


GEL 


115 


4 


1005 


Ijn 


6880 


GEL 


205 


5 


2625 


*P5 

km 


5400 


GEL 


215 


4 


3163 


: 7510 


GEL 


225 


22 


1835 


8858 


13763 


GEL 


235 


8 


11258 


2*597 


58025 


GEL 


412 


5 


4904 


5^8 


5662 


GEL 


415 


■r- 4 


9740 


12029 


16150 


GEL 


425 


5 


$140 


17338 


20593 


GEL 


435 


6 


22645 
43850 


nm 


24251 


GEL 


625 


1 


43850 


43850 


GEL 


635 


' 4 


32133 


73JM 


100740 


HON 


D0>ll6 


1% 


ikl 


2304 


,5162 


HON 


00>i$ 


1 


4>24 
2750 


47*4 


4724 


HON 


B0P124 


4 


6237 


7050 


h6n 


D&&224 


t$. 


*$00 


t**l 


17426 


HON 


o§pn 


20 


1809 


6X45 


1119 7 


HON 


O0P416 


:•.•■ 2 


378 


489 


600 


HON 


B0PI16 


U 


478 


^47 


3891 


HON 


H620 


1 


5400 


5400 


5400 


HON 


H632 


1 


6000 


6000 


; 6000 


HON 


120 


9 


2360 


382? 


4955 


HON 


1200 


30 


5305 


1C|37§ 


15165 


HON 


1800 


3 


39850 


447^2 


50437 


Hqn, 


300 


89 


2300 


7541 


22599 


HON 


2200 


,13 


11190 


lfwi 


27826 


HON 


400 


6 


4785 




14*45 


HON 


61P 


1 


6060 


:6Q60 


HON 


800 


-I 1 


13033 
^770 


IO0I5 


5^*48 


IBM 


1130 


v,|5 


W 


3037 


IBM 


1410 


ISS 


1136 


§m 


22775 


IBM 


,72 


9600 


mrt 


58406 


IBM 


1440 


22 


S750 


5S38 


13979 
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TA8LE A~5 (CONTINUED) 



COMPUTER 


NO. 


RENT 1*1 DOUARS 


MANU* 


: MODEL 


INST 


*IN 


HfAM 


MAX 


IBM 


1*64 


25 


71*0 


11910 


19271 


IBM 


IS 00 


2 


122*8 


19821 


27395 


IBM 


1620 


69. 


116* 


3*28 


6891 


IBM 


1710 


1 


16158 


16458 


16158 


IBM 


1800 


22 


1220 


km* 


11620 


IBM 


305 


2 


1*012 


*012 


*012 


IBM 


36020 


72, 


617 


2916 


7576 


IBM 


36030 


117 


3990 


12127 


28225 


IBM 


3601*0 


70 


8068 


23*0* 


51337 


IBM 


36041* 


Mi** 


5666 


10575 


20169 


IBM 


360 SO 


55 


1*165 


3756* 


95**2 


IBM 


36065 


33 


13905 


58219 


181266 


IBM 


36067 


* 


57*05 


0*931 


171303 


IBM 


36075 


13 


63696 


1062*8 


1*3028 


IBM 


36001 


2 


129395 


150368 


171206 


IBM 


36095 


2 


138236 


1*1**3 


1**651 


IBM 


610 


1 


1150 


1150 


1150 


IBM 


6400 


3 


730 


931 


105* 


IBM 


650 


1 


**50 


**50 


**50 


IBM 


7010 


15 


30523 


*5657 


77036 


IBM 


7030 


3 


118075 


1*2950 


177200 


IBM 


70* 


3 


1067* 


20363 


38272 


IBM 


70*0 


13 


12259 


37332 


6892* 


1 BM 


70%* 


12 


33750 


6253* 


129389 


IBM 


705 


* 


22800 


32502 


*5100 


IBM 


7070 


2 


18220 


2*679 


39139 


IBM 


707* 


15 


25120 


*7*27 


109576 


IBM 


7080 


33 


*95*8 


7728? 


1*055* 


IBM 


7090 


17 


*3561 


760*0 


103309 


IBM 


709* 


*6 


35967 


76931 


12228* 


IBM 


709*11 


7 


5170* 


8*376 


116935 


IBM 


77*0 


7 


6733 


11086 


16137 


IBM 


9020 


* 


11779 


26101 


*8586 


INC 


*900 


1 


700 


700 


700 


ITT 


A0X73 


3 


*93 


U2086 


106133 


NCR 


30* 


* 


15390 


16778 


18708 


NCR 


315 


11 


7225 


10207 


17965 


NCR 


390 


135 


55* 


1765 


2062 


NCR 


SOO 


36 


1015 


1533 


1920 


PD$ 


1020 


* 


*50 


601 


900 


PHt 


1000 


* 


5100 


16759 


25598 


PHI 


2000 


-■■.6"' 


23970 


52773 


89928 


RAY 


2S0 


2* 


*60 


1155 


1766 


Ray 


**0 


-■2 


5228 


57*3 


6259 


RAY 


**0 


. 2 


5228 


S7*3 


8259 



10* 



TABLE A- 5 (C0*IT1NU€O) 



COMPUTER 


NO. 


RENT IN DOLLARS 


MANUF 


MODEL 


INST 


m\H 


mm 


MAX 


RAY 


520 


5 


2191 


4900 


8154 


RCA 


301 


106 


4403 


10887 


25065 


RCA 


3381 


25 


L7923 


2*5*8 


46562 


RCA 


4101 


1 


4000 


4000 


-4000 


RCA 


501 


25 


5240 


Ii92*2 


41111 


RCA 


7025 


1 


7610 


7610 


7610 


RCA 


7035 


14 


10425 


11325 


14558 


RCA 


70li5 


6 


12573 


19601 


22991 


sec 


650 


3 


433 


§3* 


950 


sec 


660 


2 


1800 


2114 


2428 


SOS 


SIGMA 2 


5 


1310 


2171 


4029 


SDS 


SIGMA5 


3 


1385 


8796 


20030 


SDS 


SISMA7 


7 


3885 


0720 


18577 


SDS 


910 


53 


521 


4371 


19566 


SDS 


92 


4 


2760 


6235 


13359 


SDS 


920 


52 


1800 


S563 


11660 


SDS 


925 


3 


3*80 


5309 


8673 


sns 


930 


48 


1605 


8255 


20600 


SDS 


9300 


7 


9655 


13433 


18233 


SDS 


940 


1 


28009 


20009 


28009 


SEL 


810 


7 


640 


6380 


8020 


SEL 


810A 


2 


1350 


1707 


2065 


SEL 


810B 


2 


1335 


1657 


1980 


SEL 


840 


4 


1232 


1663 


3390 


SEL 


840A 


2 


4584 


4750 


• 4916 


SEL 


840MP 


2 


1 


1 


1 


UNI 


FCII 


3 


23770 


24380 


25426 


UN? 


1 1 


1 


15174 


15174 


15174 


UNI 


t ff 1 


8 


19520 


22131 


26225 


UNI 


M460 


1 


9032 


9032 


9032 


UN! 


SS80 


5 


5750 


12647 


26320 


UNI 


SS90 


.2 


6865 


7032 


7200 


UNI 


100* 


196 


535 


2380 


4772 


UNI 


10041 1 


14 


1055 


2836 


3485 


UNI 


1005 


148 


1297 


1951 


4452 


UNI 


100511 


2 


2993 


3024 


3055 


UNI 


10051V 


2 


1975 


2050 


2085 


UNI 


1050 


122 


1950 


9134 


16000 


UNI 


1050A 


1 


5652 


5052 


5052 


UNI 


10501 1 


6 


6400 


8398 


10135 


UN! 


1105 


1 


48060 


48060 


48660 


UNI 


1107 


9 


56395 


68440 


74603 


UNI 


1108 


30 


14100 


47449 


214791 


UNI 


1218 


22 


1606 


4680 


11352 


UNI 


1219 


7 


3720 


12599 


28360 
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TABLE A-5 (CONTINUED) 



COMPUTER 


NO. 


RENT IN DOLLARS 


MANUF 


MODEL 


INST 


MIN 


MEAN 


MAX 


UNf 


1230 


7 





7012 


19238 


UN! 


1500 


1 


2404 


2404 


2404 


UNI 


1+18 


30 


4555 


11129 


26573 


UN! 


490 


9 


2^050 


58295 


99070 


UN! 


1*92 


1 


44249 


44249 


44249 


UN! 


k9k 


17 


10500 


50508 


112718 


UN! 


642A 


6 


11J00 


6*6* 


Ilk Ik 


UNI 


642B 


7 


8*25 


13726 


20494 


UNI 


667 


1 


37202 


37202 


37202 


UN! 


818 


1 


7166 


7166 


7166 


UNI 


*55 


3 


6*20 


;7$f * 


8271* 


UNI 


9200 


2 


1160 


1*52 


1545 


UNI 


9300 


17 


1580 


2203 


10500 


WES 


DOS 2 40 


1 


9 


9 


9 
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TABLE A-6 (CONTINUED) 
EXPLANATION OF COLUMNS 



(1) NCOMP - Number of computers in industry 

(2) NAPP - Number of computers in industry that reported 

principal application area 
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